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Please reply to: 
- o ---4 6 
Dr. Paul R. Monson 
Actinide Technology Div. 
E. I. DuPont de Nemours and Company, Inc. 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 
NUCLEAR ENGINEERING AND 
HEALTH PHYSICS PROGRAM 
CHERRY EMERS( iN BUILDING 
GEORGIA INST. OF TECH. 
ATLANTA, GEORGIA 30332 U.S.A. 
De,:r Paul: 
Th:s letter is a Progress report for the month of June 1984 on the project 
enl.:itled "Characterization of Changes in Absorbent Properties under High 
RaC.iation Doses". 
1. Sample Holders 
The number of sample holders purchased and assembled are 48. Table 1 lists 
the experimental conditions for all 48 holders. The first four "control" 
sample holders should measure what happens to the air inside the stainleT8 
steel holders which contain no zeolite, but in one case exposed to 10 
rads and in other not irradiated at all. Mass spectrometry will be used to 
analyze the air. The air in the unirradiated case will have resided in the 
holder the same length of . time as in the irradiated case. 
The next four sample-holders monitor pressure and temperature on a daily 
bas.s, during the entire exposure period. 
The next 8 samples will not be irradiated but one silver- and one hydrogen-
zeolite sample will be analyzed along with irradiated samples at each 
appropriate dose. 
Figure 1 shows all 48 sample holders assembled. 
2. Gas Mixing 
One dry air bottle containing 0.5% He and one small NO 2  bottle were ordered 
and received from Matheson. 	Ozone will be generated at Georgia Tech 
Environmental Research Laboratory. 	A 10-liter glass bottle with the 
appropriate valving has been obtained through the School of Chemistry 
Glass Blowing Shop. 	The plan is to evacuate the glass bottle and then 
introduce the NO
2 
to the right partial pressure ( 	mmH,0), add 0
3 
to the 
appropriate partial pressure ( 7mm H 0) and add air with 0.5%. He up to a 
total pressure of 1166 mm of Hg. The 2 Ozone from the Ozone generator will 
be analyzed by the wet chemical method and mass spectrometry for ozone 
content. The mixture of gases in the 10-liter bottle will be analyzed by 
mass spectrometry. The 10-liter jar is shown in Figure 2 along with the 
Sample holders. 
Telephone: 404-894-3720 	Telex: 542507 GTRIOCA.ATL 	Fax: 404-994-3120 (Verify: 404-894-4850) 
AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION 
3. Adsorption measurements and X-Ray Diffraction Calibration 
The absorption measurements will be carried out using' McBain-Bakr 
gravimetric system, which employs a spiral quartz spring on which the 
sample is suspended in a pan. The extension of this spring is a direct 
measurement of the weight of the gas absorbed. Attached are the 
calibration curves (weight versus extension) for the six quartz 'springs 
that will be used in this work. 
The X-ray diffraction equipment is calibrated each day with an internal 
standard. 
4. Zeolite Crushing and Hardness Tests 
ASTM Standard D-4179-82 (Appended) was used for this test. Fifty samples 
of each of the hydrogen, and Silver-Zeolites were used in accordance with 
the standard. The results are given in Table II. In both cases the 
standard deviation is large. Both, the hydrogen-and Silver-Zeolites are 
rather weak, especially the Silver. It is not known if the heating of the 
Zeolite samples, as called for by the ASTM Standard for the crushing test, 
is contributing to the weakening of the pellets. It was found that after 
heating, standard hardness tests can not be applied because pellets were 
too weak. New tests are being devised for the hardness test. 
I have asked Dr. James Benzel of Ceramic Engineering to measure the 
hardness and crush resistance of the pellets without heating the samples. 
As soon as these results are available I will communicate them to you. 
This is basically where we are on this project. I anticipate irradiation 
will begin soon. If you have any questions please let me know. 
Best wishes 
R. A. Karam 
Director 
RAK/swm 
Figure 1, 	Sample Holders for Hydrogen- and Silver-Zeolite irradiation 
Figure 2. 	10-Liter Glass Bottle and Sample Holders. 
TABLE 1. SAMPLE HOLDERS AND EXPERIMENTAL CONDITIONS 


















TOTAL 	 EXPERIMENTAL CONDITIONS 
DOSE, RADS 
10 
lx10 	 No Zeolite in sample holder, Dry air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
not irradiated* No Zeolite in sample holder, Dry air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
10 
lx10 	 No Zeolite in sample holder, Saturated air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
not irradiated* No Zeolite in sample holder, Saturated air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
1 0 10  	 Silver Zeolite in sample holder, Dry air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
1 0 10  Hydrogen Zeolite in sample holder, Dry air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
1 0 10  	 Silver Zeolite in sample holder, Sat. air (1000 PPM0 3 ; 1000 PPM No 2 ) 
1 0 10  Hydrogen Zeolite in sample holder, Sat. air (1000 PPM 0 3 ; 1000 PPM NO2 ) 
not irradiated* Hydrogen Zeolite in sample holder, Sat. air (1000 PPM 03 ; 1000 PPM No2 ) 
not irradiated* Hydrogen Zeolite in sample holder, Dry air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
not irradiated* Silver Zeolite in sample holder, Dry air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
not irradiated* Silver Zeolite in sample holder, Sat. air (1000 PPM 03 ; 1000 PPM NO 2 ) 
lx10
8 Silver Zeolite in sample holder, Sat. air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
1x10 8 Silver Zeolite in sample holder, Dry air (1000 PPM ) 3 ; 1000 PPM NO2 ) 
lx10
8 Hydrogen Zeolite in sample holder, Sat. air (1000 PPM 03 ; 1000 PPM NO 2 ) 
lx10
8 Hydrogen Zeolite in sample holder, Sat. air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
Samples 	 2 	1x10
9 
Hydrogen Zeolite in sample holder, Sat. air (1000 0 3 ; 1000 PPM No 2 ) 
Samples 1-10 9 	Hydrogen Zeolite in sample holder, Sat. air (1000 PP!.1 0 3 ; 1000 PPM NO 2 ) 
Samples 	 2 	1x10
9 
Silver Zeolite in sample holder, Sat. air (1000 PPM 0 3 ; 1000 PPM NO2 ) 
Samples 2 1x10
9 Silver Zeolite in sample holder, Dry air (1000 PPM0 3 ; 1000 PPM No 2 ) 
Samples 	 2 	5x10
9 
Silver Zeolite in sample holder, Dry air (1000 PPM 0 3 ; 1000 PPM NO 2 ) ' 
Samples 2 	5x10
9 
Silver Zeolite in sample holder, Sat. air (1000 PPM 0 3 ; 1000 PPM No 2 ) 
Samples 	 2 5x10
9 Hydrogen Zeolite in sample holder, Sat. air (1000 PPM 0 3 ; 1000 PPM NO2 ) 
Samples 2 	5x10
9 Hydrogen Zeolite in sample holder, Dry air (1000 PPM 0 3 ; 1000 PPM NO2 ) 
10 
Samples 	 2 	lx10 	 Hydrogen Zeolite in sample holder, Dry air (1000 PPM 0 3 ; 1000 PPM No 2 ) 
10 
Samples 2 lx10 Hydrogen Zeolite in sample holder, Sat air (1000 PPM 0 3 ; 1000 PPM NO 2 ) 
10 
Samples 	 2 	lx10 	 Silver Zeolite in sample holder, Sat. air (1000 PPM 0 3 ; 1000 PPM No 2 ) 
10 
Samples 2 lx10 Silver Zeolite in sample holder, Sat. air (1000 PPM 0 3 ; 1000 PPM NO2 ) 
*Analyzed at same time as irradiated samples 
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TABLE II. 
Hydrogen Type 
Zeolite Crushing Loads 	(kgf) 
AgZ Type 
5.36 8.86 5.81 1.57 
3.03 12.36 1.60 0.70 
7.02 2.62 0.92 0.75 
5.95 4.47 5.34 0.69 
3.05 3.22 0.51 5.72 
4.08 6.50 2.00 6.43 
5.08 2.78 4.83 6.50 
1.98 2.30 0.59 1.85 
10.28 9.93 0.18 1.14 
5.63 2.89 2.91 8.25 
5.83 17.04 0.20 9.57 
4.75 13.50 2.18 3.90 
6.00 3.63 0.94 0.99 
3.49 5.60 2.99 4.71 
7.14 5.61 0.80 6.86 
2.84 2.74 5.60 0.50 
2.70 11.84 0.62 0.20 
6.81 5.21 2.21 1.58 
9.39 5.60 0.19 1.71 
2.48 7.36 3.52 1.00 
1.86 8.79 2.18 2.36 
7.44 9.41 17.14 1.37 
5.64 6.80 0.59 0.96 
8.59 2.04 10.44 2.14 
4.:8 5.97 0.43 1.58 
	
5.953 	 2.955 
S 	3.285 	 3.289 
80% Spread 1.748 - 10.158 	 0.0 	- 7.165 
95% Reliability 5.042 - 6.864 	 2.043 - 3.867 
Comparison of these crushing strengths using a two tailed t-test indicates 
that there is a highly significant difference in their crushing strengths. 
The samples tested were between 0.23 and 0.52 . inches in length. There 
was not a significant correlation between length and crushing load. Tests 
were carried out according to ASTM D 4179. The applied rate of force was 
increased at 4.5 lbf/sec. 
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i 	Cillbeet I 	•• 
A7t "%NIA, 	 .2 
any 
A,... •,1CmIN SOCIET. FOR TES f 	AND M, TERIALS 
1916 Race St., Philadelphia, Pa. 19103 
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM 
If not listed in the current combined index, will appear in the next edition, 
tandard Test Method for 
SINGLE PELLET CRUSH STRENGTH OF FORMED 
CATALYST SHAPES' 
	
star dard is „ss 	 t 	.ted designation 1)4179, the number immediately f,sl!oss,rig the 	 the 
:.741' 	 .: 	on or in 'It case of rev 	the year of last revision It iii.irribser 	parentheses mu .ales the )ear of tisi 
nr....,pfgvva. A superscript epscion err indicates an editonal change since the last revision or reappro ,. al 	 • 
1 1 	method cover. determining the re- 
sistance of formed c. , ti.ilysts to cor.-;pressive 
for,c.:! o.nd 	 to regular catalyst 
such as tablets ants! ,..phercs. Lxtrudates, 
e.r4nul.ir rnaienab„ and 	irregu.ar shapes 
ate !ApCk. 	311%  
2 This miethi...id. .1ctczrniri.:‘ the average 
art .fit siren,;th in the range from U to 50 lbf (0 
to .2O Ni 
13 The .alucs sta ,.c.! tr. pound units are to 
be regardee as the st-Indard 
1 4 Thu standard 	involve hay.aroous 
matenals. 	 cuulpmcnt. This 
standard 64 C8 11471 	 ,Lt.idrcNs all of the 
s..:fety 	 its 	It is the 
re,ponsirbili., oft, 	v 	this standard to 
consult an,' safety and 
he..f.i.-hpractit:CN,e11 eetcr -. -.Iric the applicability 
of regulatory prior to use 
2_ Apctlicabk Docuszicnt 
2 I 	St.::telard 
E 177 itc ..ommendcd Practice for Use of the 
Terms Prectsis..n and itccurac.? a A. died 
to Meiritirc:r,c;tt of a ?roper') to l M.Ite-
ryul - 
2 2 0 .,her Doc . ;:n 
ASTM STP 447 A. V.ar.ual 	Tc.s. 
Methods' 
3. Signifier:11re 
3.1 This nicthc...1 to tn.cc,dcd to p:ovide in- 
formation c.mcern•,v the aL Lay of a catalyst 
shape to return 	ultegnty durtng use. 
4. Deselption of 	Speciflc to This 
Metl'od 
4.1 tablets tableued 	 catalyst 
particle!.. either solid or hollow core, with 
lengths that do not vary from the mean by 
more than i 10 
4.2 pellets 	any catalyst shape 	tablets. 
spheres. or other similar ..onliguration. that are 
not otherwise excluded from the scope of this 
test. 
5. Summary of !Method 
5 1 individual pilets taken from a repre-
sentative sample arc pla,:ed between two :1.f. 
surfaces, subjected to a compres•,ive 
the force required to cr..0..r the pellet o mea-
sured. Tx. No.edure I., replicated 'and the av-
erage of dl mea.uremen.... taken is determined 
6. Apparatus 
6.1 A v;itable compression testing device 
requireo cw-isisting of'thw following 
6.1 E Calibrated Gu,k;e. 'marked for direct 
reading (..f the force to pounds (newtons). Ad-
ditioriall•!, a suitable sys;em (mechanical. hy-
di aUhl, t r pneumatic. ) must he provided so that 
the rate if fierce applic - „;ion is both uniform 
and cont ollable s,--...ccIfied limits 
This ris.11‘,....! n can 	 !o - )u - -do.toln 	 om 
rAtee 	 ,h. sire,( rc , p..ns.r,lits ot 
Subcommitt.ceD 	on Physical M.....hani,,,,IS"roprvie% 
Cureni s:dition 27. 1 ,4K2 Published (h• 
tobcr 
Annual 11004 	4S I'M SI,n..lardi PAM 	Ht, 17, 
25, and 41 







12 Tor,l Steel A nrth hetween which the 
.yip:. 	'I I 	•..rushec. the faces .4 the tool 
anvils shall be smooth and free from 
rc.,..,:sNeN or ridges that Would interfere with 
.. .11L.Ilk! the Major .1.‘;‘ of the 
pc.1:et. When testing tablets or spheres, the an-
s ils Inas be ill any convenient sue t , r shape as 
as their length and width arc greater than 
al,• corresponding dimensions of Fe tablet or 
pellet being tested (see 1- ig. 1). 
7. Sampling 
A test sample of 50 to 2(.X) indivioual 
,h.f.1 be obtained from larger eompoaics 
s : !Thm: or spluting in accordant•! with SIP 
44 - ". 12) with the aim of obtaining 
:-.:presentattse sample that represents 
arc: site distribution of the larger composite 
Thc sue of the sample shall depend on the 
nrec - ision required and the homogeneity of the 
bring tested 
7 2 Heat the test sampletsi at 400 ± 15`t• 
:Al less than 3 h Normally, this treatment 
:ake place in air. however. in the case of 
r:.a ..L- nals that mit.Iht react with air at elevated 
(such as prercduced ca'alysts) the 
...-catment should take place n an inert 
,sass sphcrc. 
After heating, cool the test samplers)  to 
or other suitable contatrizr to slim-
:h, 	 of moisture ,icisorption 
!.•;;.r.": 	 furmelation5 arc  
	
. 	 ..t 4L13.4.);: •4:r:% .se of 4A tr.hcai•ng 
•5 a dcsit.4.4114 medium is 
kcgc;”:14,c the desiccant at 22) to 21:41 C 
c^ sired 
. 	to 	the lest apparatus to icro 
commercially available 
graduations ( f no more 
lbf (2. 	having accuracy traceable 
;National bureau of Stand..rth, or other 
soTi.:..r au t.:onty. 
c front the de!iccator only th,,t 
ps:llets that 	tester v-ithm 
u- 	pc clod 
.1L1:11 to assure 0)41 
rr. 	 ;0 .min vr•d will not sig. 
C,41/0 
9.2 Place a single-catalyst pellet bow n the 
anvils of the test„kg dev1,:e. (EMI: 
each pellet in the same direction bc f%'.recru,h-
AIL.. For those pellets capable of being tested in 
different orientations. report the •ne used Fig-
ure I shows pellets in radial and axial orienta-
tions. Use lweeterS, forceps, or other 
device or procedure to prevent the transfer of 
moisture from the operator's hands to the piece 
being tested 
9.3 Apply increasing force at a uniform rate 
in the range of it) lbf/s. (4.4 to 44 N/s.) 
until the pellet crushes or collapses Compres- 1 
 sion of surface irregularities L - twitted fract:ir-
ing, of a pellet followed by contind resis.ar.c4:. 
to increasing load are not to be u.,e,`! as criteria 
fur determining the end-point of !his lest 
► .4 Read and record, to the nearest 
graduation. the force indicated on the cali-
brated dial of the apparatus at the instant of 
collapse. 
').5 Separate the anvils ar,d remove all resi-
due with a soft cloth or brush. Ensure that the 
fac , !s. of the anvils are free from .14.1hering par-
ticles. 
9 6 Repeat Steps 9.2 through 9.6 until all 
pellets in the sample have been crushed. Record 
the crush strength for each pellet tested. 
10. Calculations 
10.1 Calculate the average crush strength 
(A) retaining one more decimal place titan the 
recording values as follows. 
ihf 	t. -̀ A . )/in) 
whcrc: 
the sum of all observed crush strengths 
and 
the number of p•lle:s crus'tcc: 
10.2 Calculate the s . .andard de% ia,..„ -. 
n readings to 3 significant digits a. follows 
- 	 ih r ( ,4) 
n - I 
where: 
standard deviation of the incltvid-
ual streneth values and 
- 	sum of zn.: squares of the devia- 
reco -ded reading 
tr‘-,-; 	„A. 	511 -.6th 
sot t 3 Mani, 	 arc program/7)ra t o 
icrf.'grri (hot opera;lor,:$ 	report as aatte ord. 
s441-oldA deviation ..tire5A1% It a impo -tant to %sots 
the pi,ieram ettoscil 1.1 , e , 	n " I ilel'onlinafor 




01 0 4179 
12. Precision and 4ce. ,-J0 4 
12.1 The precision is based on the results of 
a multilahoralory multisample -study, and the 
procedures and definitions of Recommended 
Practice h 177 were used. 
12.1 I RepeutainInt• The single-laboratory, 
rnultiday repeatability is t7 ci (2S ) of the 
mean measured value for spheres and _VC; 
(2..0 ) of the mean measured value for tablets. 
12 1 2 Reproduritnitt• The multilatxna , 
 tory. multiday reproducliAlity is t 9 ''; (2S I"; ) 
of the mean measured value .1'or spheres and 
t 19 (2S%) of the mean measured value for 
tablets. 
12.2 All of these statements apply to "test 
results", each of which is the mean of 1(41 gush 
strength measurements. and arc based on levels 
of 20 1bf for's in.-spheres and 16 Ihf for 's in. 
,tablets.. 
12.3 An estimate of the accuracy of the 
method is not possible. 
Supporting data are r, 	(1.•m 
!CIS l9 I e. Rake Si. Philadelphia. 
ohiamed.hy rcquesting KP. 1)12 11/114 
C.Rtra-i 
I R iJIal and A alai ( rush 
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r ohne. 1,4 vogi n an' tiem theeffil IfeJ 'A Mt' lundaJ i'cert nJ thil, il ■JAtiat.1 	 aglitted chat Jefermtnarion of 11 el • .r.h../iri 
onJ the roi 	infonxemeni 	sorb right, ,or enweli !heir n n rCiptAllIthdoik 
I ho 	 subpri II, ert,,,,,,n ut Jnl tone h1 the frIptiniible re. km, 	,nennustre JnJnuUm he retwmed e ■ rei Ir,l e.ot 
anJ,;# 	ie.,,e.I roller reappe..bed Or wohh.afte, ) our 1111 .menu wt. altoed other Inr P1'1111+ , 11 Id MI% It...ularJ, , r /fir ache 
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.1. 	?ht. 4 "SI 5/ 	 Iv16 	r .5/ . tholadeiphi‘i. I%1 1910 
II. Report 
I I 1 Report the as crap! crush strength to 
ne more decimal place than the recorded data 
on the the is strengths For pellets capable 
being tested in difierent orientations. the one 
used should be reported. 
112  Report the "NO"( spread" (that is. the 
range within which SO r; of the individual pellet 
strengths arc expected to fall, assuming that 
indisidual pellets form a "normal" distribu-
tion). Calculate as follows: 
xtr•- • spread 	t 1 2S 
11 3 Report the "95 r; Reliability" of the 
average reported in 11.1. This is the uncertainty 
inherent in the reported average. expressed as 
the range within which 95 Z of the averages of 
an infinitc number of test samples of n pellets 
expected to fall were they to be 
NirrItLrIy drawn from the same lot and tested. 
CaLulale as follows: 
c rehandits 	X t i 96 .s..s; 
I I 4 ::,cporl the applied rate of force in-
crease. if a ,,allable 
, 181 
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August 16, 1984 
Dr. Paul R. Monson 
Actinide Technology Division 
E.I. DuPont de Nemours and Company, Inc. 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 
Dear Paul: 
This lettLr is a progress report for the month of July, 1984 on 
the pLoject entitled "Characteriztion of Changes in Adsorbent 
Proi. , .-rtie!; under High Radiation Doses". 
1. Zeolite Crushing and Hardness Tests 
As r portiA Bast month, the ASTM Standard D-4179-82 for crushing 
test requires that the sample be heated to 4000 C for not less 
than 3 hours. We did not know, if in the proceF—; -rf heating the 
sample, the resistance to crushness changes. Consequently, 
another sample, without being heated was measured. The results 
are given in Table I. It is seen that for the silver zeolite 
sample, heating affects the sample. Consequently, unless told 
otherwise by SRL, we will not heat samples prior to crushness 
testa. 
Procedures for the hardness test have now been devised. Details 
and results will be reported next month. The problem with the 
hardness test was that the zeolite pellets are weak and ASTM 
Standard tests could not be applied. 
2. Zeolite Density Determination 
Pellets will be broken into lengths no longer than 1/4 inch. 
Approximately two grams of .ajn material will be dried at 400 ° F 
for four hours and then cuded in a desicator. After cooling, 
the s-mple will be weighed to the nearest 0.0001 grams. It will 
then Je soaked in kerosene for 24 hours to saturate it. The 
weight of the sample suspended in kerosene will then be 
dete . hined to the nearest 0.0001 grams. 
Unit of the University :',ystem of Georgia 	 An Equal E ucation and Employment Opportunity In.- titution 
Dr. Monson 
	 Page 2 	 August 16, 1984 
Volume = Weight in air - Weight suspended in kerosene  
Kerosene density 
Sample density = Weight in air  
Volume 
Triplicate determinations will be made on each sample and both 
the individual and average values reported. 
3. Sample Holders Leak Tests 
Helium leak tests of all sample holders revealed that small leaks 
occur in all the SS-4H valves purchased from the Georgia Valve 
and Fitting Company. The Company was contacted; the problem was 
traced to the degreasing step in which the sample holders were 
degreased by trichlorethylene vapor. This step apparently 
dissolved the grease between the valve handle and the valve body. 
This grease is only needed for the proper closing of the valve. 
The seal in the valve is metal to metal contact; no grease is 
needed. The problem of valving has now been solved. 
4. Gas Analysis 
Detailed procedures for the gas analysis are being developed 
using mass spectrometry. These procedures will be submitted to 
SRL for approval. 
This is basically where we are on this project. If you have any 
questions please let me know. 









(Undried and Unheated) 
Loads 	(kgf) 
AgZ Type 
4.47 8.82 4.90 2.25 
5.26 2.17 6.06 17.62 
2.83 2.78 5.30 10.76 
5.20 4.24 5.13 1.65 
7.17 2.59 8.00 2.30 
2.33 4.15 5.97 5.89 
4.62 2.60 14.89 9.12 
9.72 4.79 4.81 1.66 
5.68 5.41 4.02 4.32 
8.60 1.97 0.52 4.50 
3.36 3.55 3.53 2.41 
8.01 2.44 1.20 0.62 
4.95 5.51 1.71 0.90 
4.63 5.04 6.41 2.84 
7.96 1.49 2.20 0.83 
6.26 2.27 1.94 12.36 
8.84 1.75 2.84 11.64 
5.20 5.52 3.53 10.04 
8.46 2.52 4.63 4.87 
6.08 3.72 6.94 0.71 
2.25 9.77 2.51 7.72 
6.87 8.93 2.63 1.60 
8.84 4.88 12.52 1.01 
3.90 2.57 2.11 1.31 
3.22 2.94 8.52 0.53 
x 4.943 4.726 
s 2.384 4.040 
80% Spread 1.891 - 7.994 0.0 	- 9.897 
95% Reliability 4.282 - 5.604 	 3.606 - 5.846 
Comparison of these crushing strengths and those of the dried samples 
using a two tailed t-test indicates that the only significant difference 
was between the dried and undried AgZ samples. The samples tested were 
between approximately 0.25 and 0.50 inches in length. These tests were 
carried out according to ASTM D 4179 except the samples were not dried. 
The applied rate of force was increased at 4.5 lbf/sec. 
Georgia Institute of Technology 
SCHOOL OF NUCLEAR ENGINEERING AND HEALTH PHYSICS 
ATLANTA, GEORGIA 30332 
JEELY NUCLEAR RESEARCH 
CENTER 
October 2, 1961 
Dr. Paul R. Monson 
Actinide Technoloyy Division 
E.I. Dupont de Nemours & Company, Inc. 
AtOMic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29308 
Dear Paul: 
This letter is a progrk:ss report tor the months of Aujust. and 
September, 1934 on the project entitled "Characterizatiui, ur 
Changes in Adsorbent Properties Under High Raolation Duses." La.:t 
week 1 attempted to reach you by telephone on nuAeruas uccasionLi 
without success. I wanted to yive a verbal report. 
I. Procedures for Zeolite Crushness, Hardness, and 
Density .measurements 
The procedures for crushness and density measurements have Veen 
reported in previous monthly reports. The hardness procedures and 
results on hydrogen and silver zeolite samples are given in Table 
I. Also included in Table I are the values for the density of the 
two zeolites 
II. Sample holder Leak Tests 
All sample holders have been tested for leaks. Forty four of Lhe 
48 sample holders were tested by helium leak detector. 	our 
holders equipped with pressure gauges could not De evaluated by 
helium leak detection because of posible Jamaje to the pressure 
gauges. These holders were filled with air to a pressure of 3k) psi 
and the pressure was noted 6aiii fot the e ast 20 days. The results 
show that all 48 sawple holders are now leak proof. 
III. X-Ray Diffraction an Oxyjeh AdL.orpt ion Measurements 
The procedures for these measurements were devised sometim,. a-Jo and 
6te ready to use, pending resolution of the jas ahalisis problem. 
ti 
0 d r 	%mem of Gmmla 	 An Fatal Fdi trAtInn aryl FrAntertornant 
Dr. Monson 	 Paye 3 	 OclJber 2, 
Air + 1000 ppm NO 2 
Air + 1000 ppa NO 2 	1000 Poi' 0 3 
This analysis is scheduled for the first weak 01 k)ctobur. 	1 wilt 
keep you informed. 
Best wishes. 
Sincerely, 
Ratib A. Karam 
Interim Director 
Nuclear Research Cunter 
RAK/j1r 
Enclosures 
P.S. The gentleman I talked with at North Carolina is Dt. 
Altschuller (919) 541-2191). 
Dr. Monson Page 2 	 uctobei 2, PY34 
IV. Gas Analysis 
For the last two months we have spent about two-man months 
attempting to quantitatively analyze premixed gasses by mass 





moisture, and air, even at the 
National Bureau of Standards, the mass spectrometry method is 
proving to be a :food detection method, i.e., we are able to 
identify the components in the mixture but not quantitatively. The 
problem is in part due to the gas mixture itself. This mixture 
seems to be very active and is affected by light, temperature, and 
surface conditions. According to Dr. D.D. Davis (renowned expert 
in this area) the following reactions take place: 
NO 2 	by 	
NO [ 0 
0 + 0 2r----* 03 
3NO 2 3 	3N0 3 
NO 3 1- NO
2 ---=> N
25 
NO 3 	NO + 02 
NO 0
5 	
NO2 .1- 0 , 
H 2 O + WO-----, HNO 3 
Typical mass spectrometer data are appended. We have used low 
resolution and hiyh resolution mass spectrometers. The conclusions 
from both measurements are that we can detect components of the air 
mixture but cannot quantify the amount without calibration of the 
spectromete r, which is invariably done with a standard yas (NBS) 
which we are not able to yet. 
In order to solve this problem we enlisted the help of Dr. D.D. 
Davis. Dr. Davis is able to quantify the NO with extreme 
precision (in parts per trillion). 	lie accepted my request for 
analyzing initially two samples of the gas mixture as follows: 
TABLE I. DENSITY AND HARDNES MEASUREMENTS 
(Untreated Zeolite Samples) 
Density (gins/cm 3 ) 
Hydrogen 	 Silver 
	
1.8548 	 ' 2.3255 
1.8601 	 2.3259 
1.8497 	 2.3243 
x = 1.8549 	 7= 2.3252 
Microhardness (Knoop Hardness Number)* 
Hydrogen Silver 
92.0 89.8 74.1 22.7 
53.5 •43.8 52.1 21.9 
95.3 91.0 58.8 19.5 
106.8 63.3 89.0 28.1 
7.2 86.0 12.4 20.6 
73.8 78.1 17.3 14.4 
135.0 80.2 61.8 31.3 
194.1 127.0 42.5 24.1 
1'.;2.9 110.8 32.7 65.2 
1 93.6 42.5 29.2 
x 	= 	105.5 x = 38.0. 
S = 44.7 	 S . 21.9 
*These tc(As were done c. a TuLon Tester manufactured by Wilson 
Mcchanic,11 Instrument Division of American Chain and Cable Company 
using a 175 gram load. The bottom of the samples were flattened 
on 180 grit SiC paper so they were stable on the testing stage. 
The tops of the sii . mpks were very lightly ground on 600 grit SiC 
paper before the hardnIss measurements were made.- 
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November 
Dr. Paul R. Nomion 
Actinide Teehnolojy Division 
E.1. Dui , ont de Nemours & Company, Inc. 
Atowic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29803 
Dear vaul: 
This is a progress report for the month o[ October 1984 on the 
project entitled "Characterization of change7—TTi—Xdsorbent 
Properties under High Radiation Doses." 
irradiation 
AL: you witness , d on your recent visit LU Geortjia Tech, the 
irradiatioo process has tinr,lly b§jun. 	Resrilts from analyses or, 
zeolites with loviest dose (1 x 10 	rad:_;) should Ue out soon. 
Ajoorption and Cryl;t....11oraphic Analysis of 
Unirradiated Samples 
Di. Tudor Thorne's, who is responsible ,:or the adsorption and 
crystallographic -haracterization oil the project, has ,jiven 
appended report (a(.so •iven to you ouriny your recent visit). By 
way of introduction, Dr. Tholaas has .merit all of his prOtessional 
life (35 years) in mordenite materials. lie is extremely 
knowledgeable and one of the foremost experts in this area, 
As stated in 04. Thomas' report for the oxyj.:h adsorption 
chhtacterization, 3 IsaiiTles were run: 	(1) yuu 	of 
•yLiro•en mordenite, (2) your sample of silver H., iuite, iyntl (3 
a com[A,ici: 	of hydvogen mordenite 	 frf:m Union 
contains a 20% clay binder. Mi.: ret;Lilts 
-ple inci tnaL •)f 'Jnion Carbide have L;i1Ailar 
1 )11 	, tt 	 e; ( 22 wt.%). 	Or. Thomas says thin 
• . :',if.' adsorption of oxy.j en on s ilver 
Ii , 	.1-14 L 	 1,14 	 ti1,111 oxf.ectej and this Li 	ult 
: 
	 .:u-,jai with Lhu. silver oordQnite. 
Georgia Institute of Technology 
Neely Nuclear Research Center 
Atlanta, Georgia 30332 
(404) 894 3600 
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Crystallographic diffraction patterns were also ubtained for 3 
samples; your two samples and a tnird hydrogen mordenite :.amply 
that is 100% crystalline. This hydrogen mordcnite sample is 
different from the one used above. This one is 100% crystalline 
compared to CO% for the other. 
results show that your H-mordenite sample is 791 diystslline 
and is similar to the union Carbide esmmercial sample with 20; 
clay binder. The story on your silver mordenite sample however 
is .different; it is only 16% crystalline. 	Dr. Ths,.1s.; believes 
:hat this sample contains a significant amount of elemLnts1 
ilver. 
Another conclusion of Dr. Thomas is that the silver exchanged 
ti-mordenite pellets are weak and easily crushed. This comment 
agrees with the hardness and erushness results reported to you in 
the August 16 and October 2, 19E14 reports. 
Since you also zsised some questions about the hardness anu 
crushness results, I have discussed these issues wiLn Dr. Benzel 
from Ceramic Engineering. Uis comments follow. 
Crushness Test; sight. cylindrical zeolite pellet is placed 
between two flat plates snd the load is increased until the 
pellet is crushed. If the cylindrical pellet has smooth and even 
surface, a line contact between eellet and flat plate is 
established. If pellet is not smooth and not even, a point 
contact is established between flat plates and pellet. The load 
needed to start the sreshisg process in both cases would be 
different, This is one reason for the large variability in tse 
results. Another reason in the normal statistical variability of 
the sample. This variability, according to Dr. benzel shsuid be 
dLIQUt 201, i.e., standard deviation of only 20%. Your 5ample:s 
exhibit a much larcjer vatiation. 
iardness Test; 	In this test one attempts to measure 	1.)(1 
needed to penetrote the pellet surface. The apparatuL 
diamond pyramid indriter which presses on the pellet at - 1  ,lift 
gather then at 0 line, The purpose of this test is that ir 
packing in a column of zeolite is such that contacts amon.. ; 
 pellets occur at points, rather than lines, then it is useful t.0 
know what loads are needed to affect penetrations. 
An Equal Education and Eitiolnymeni npponunity institution 	 A Unit of tho University System of Georgia 
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Ur. Behzel concluded that thk.e. silver mordenitL is very soft and 
sut.Nestad that if it is desiralile to use this material it should 
be packed in a holizontal rather than in a- vertical columi.. 
If you havo 	 please let me kftQw. 
frith best wishes. 
Sincerely, 
Ratib A. Karam 
Tnterim Director 
Nuclear Research Center 
pc: Dr. J. Benzel 
Dr. T. Thomas 
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pf:11 	aample has normalLoWirt0 ' 
cryutllitoity when ei...mpored to 00mffiereial 
h 	4•0ftitc oaterial, which conLailm '40% powdtw 
`4100r. 
3ilver-aChangqd H-mordenite pelleted„matcrla 
only 	or the eryotallinity of H-mordenite 
mnterlal and only 404 of the adsorption capacity 
P-nrrdifnite pell•ts. Depending on the aqtryic , - 	t- f.  
 t ar^i 3 could have only marginal utility. 
It 101.,O.J 	 that the 11-mordenite 
hnv'vl fn rir har(:![-.•. ",!. should be acceptable; however, th-
4. ,20-04got-41 H-rondrrW- Peaitte are very weak and ay., 
nch thit " 	would be unacceptable in nosI 
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THn7 R. Monsori 
Ac:tinido Technology Division 
E.I. DuPont de Nemours & Company, Inc. 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 
Dear Paul: 
;.;Is is a progress report for the month of November, 1984 on the project 
"11.-iim-.terization of Changes in Adsorbent Properties Under High 
; 	 ." 
I. Gas Analysis 
• / to by telephone and as reported to you in the progress report 
for the 	of August and September, 1984, Dr. Douglas Davis of Georgia 
Tech 	al.._,!g-ed the mixtures of gas containing 1000 ppm NO
2
, 1000 ppm 0
3 
in dry and saturated air. The analysis of the initial preparation took 
place 5-6 hours after the gas was mixed. It was not possible to do the 
analysis sooner than 5-6 hours because of the physical separation between the 
laboratories where the gas was prepared and mixed and where it was analyzed. 









Dry gas ppb ** 	 3000 	121 500 
Saturated gas ppb 	 198 171 
	
700 
Gas mixture content based on partial pressure makeup of standard dry 
air from Matheson 923 ppm NO
2 
and 1001 ppm NO3 . 
*A 
Gas mixture content based on partial pressure makeup of standard air 
from Matheson that was saturated with H2O + 1026 ppm NO
2 
and 1001 ppm. 03 
Dr. Davis states that the uncertainty associated with these numbers is ±15%. 
He also said that he was riot surprised to find such a low concentration of 
NO , NO, and 0
3 
in the initial gas mix because the components react together 
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Dr. Davis also analyzed the gas from 8 sample holders which were irradiated 
to a total dose of 1 x 10 8 rads. The results are given in Table I. It is 
not apparent that a dose of 108 rads alters the gas mixture in the sample 
holders. 
II. Density Measurements 
The average density for the first 8 irradiated samples and two control 
samples are given in Table II. Note that the control (unirradiated) samples 
gave the same value as, the irradiated samples and that both values are 
slightly higher than previous values sent to you without inclusion of the 
gas mixture (see progress report for months of August and September). It is 
not known at this point whether or not the difference is due to systematic 
error or statical error. In these measurements the statistical error is 
larger because of the limited number of zeolite pellets in each sample 
holder. Dr. Benzel has not yet evaluated the statistical error. 
III. Crushness and Hardness Tests 
These tests have not been performed yet because Dr. Benzel was extremely 
busy during November and early December, 1984. 
IV. Adsorption and Crystallographic Properties of 
Irradiated Samples 
Dr. Tudor Thomas performed the crystallographic and adsorption characteriza-
tion on eight irradiated samples, 2 control samples and two additional 
samples supplied by you on my recent visit to SRL. The results are given 
in Table III. 
It appears that: 
1. The H-mordenite materials are relatively unaffected by the addition 
of ozone and Nth  and exposure to radiation. The retention of crystal - 
linity and oxygen capacity is indicated. 
2. Ag-mordenite is much less stable than the H-mordenite to these 
conditions. 
Sincerely, 
Watib A. Karam 
Interim Director 




(,AS Analysis fcr NO and NO 2 from Sample Holders 




Holder # 	 Contents 
	




5 Dry Ag Zeolite + Gas 1.E + 8 	 136 <935h 935 
6 Dry Ag Zeolite + Gas 1.E + 8 	30 511 
7 Sat 71g Zeolite + Gas 2.E + 8 	 23 216 
8 Sat Ag Zeolite + Gas 1.5 + 8 16 120 
9 Dry H Zeolite + Gas 1.E + 8 	 37 491 
10 Dry H Zeolite + Gas 1.E + 8 Used for std. addition0 
11 Sat H Zeolite + Gas 1.E + 8 	 19 236 
12 sat H Zeolite + Gas 1.E + 8 21 
d 
264 
41 Dry Ag Zeolite + Gas Not Irradiated 21 216 
43 Sat Ag Zeolite + Gas Not Irradiated 	 26 122 




Th.rs sample was somehow contaminated with the NO
2 
Standard according to Dr. Davis. 
`This sample was used to add to it a known NO and NO2  amounts. The addition was 
100 ppm of each. The measurement showed that only the added parts were detected 
indicating that the amounts of NO and NO 2 initially present were small relative 
to 100 ppm's. The other measurements confirm this. 
d
Sample holders 	41 and 43 were control samples filled with the same gas at the 
same time as the others but were not irradiated. 
TABLE II 
Zeolite Samples (First Set) 




5 Ag 10 Dry 2.444 
Ag 10
8 
o Dry 2.444 
























41 Ag 0 Dry 2.443 
43 Ag 0 Saturated 2.436 
TABLE III 







Rads 19. 10.1 
1 x 108 Rads 16. 8.5 
1 x 10
8 
Rads 16. 10.4 
1 x 10
8 
Rads 18. 9.7 
1 x 10
8 
Rads 83. 22.6 
1 x 10
8 
Rads 91. 22.4 
1 x 10
8 
Rads 89. 22.2 
1 x 10
8 
Rads 70. 21.6 
0.0 16. 10.8 
0.0 15. 12.3 
0.0 100. 22.8 
0. 0 100. 22.9 
0.0 26. 19.5 
Sample Holder # 	Contents  
	
5 	 dry Ag-M 
6 	 dry Ag-M 
7 	 sat Ag-M 
8 	 sat Ag-M 
9 	 dry H-M 
10 	 dry H-M 
11 	 sat H-M 
12 	 sat H-M 
41 	 dry Ag-M 






ax-ray diffraction pattern of the sample relative to a standard H-mordenite 
sample of 100% crystallinity 
b
All results compare to a commercial H-mordenite powder with 100% crystallinity. 
c
Oxygen adsorption capacity at 75 torr and -196°C after activation at 300 °C 
under vacuum 
Georgia Institute of Technology 
Neely Nuclear Research Center 
Atlanta, Georgia 30332 
(404) 694-3600 GEORGIA TECH 1885.1985 
DESIGNING TOMORROW TODAY 
Janaary 23, 1985 
Dr. Paul R. Monson 
Actinide Technology Division 
E.I. DuPont de Nemours and Company, Inc. 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 
Dear Paul: 
This is a progress report for the month of December, 1984 on the 
project entitled "Characterization of Changes in Adsorbent 
Properties under High Radiation Doses." 
I. Gas Analysis 
The one billion rads (1 x 10
9
) exposure to eight samples of 
mordenite (four hydrogen and four silver) was completed. Gas 
analysis for NO and NO 2 of the air , -:,Iture contained in the 
irradiated sample holders and two control samples, not irradiated, 
was performed by Dr. D. Davis. His results are given in Table I. 
The results indicate that irradiation does not seem to affect the 
NO and NO 7 content of the gas mixture. 
Other measurements and analyses of the samples exposed to 10
9 
rads are being made; no results are available to report at this 
time. 
II. Crushness Measurements 
crushnffss measurements on the samples which were irradiated to 
1 x 10 rads were made available by Dr. J. Benzel. His results 
are given in Table II. Comparison of these results with 
previously reported results indicate that the crushability of the 
pellets decreased a little, not only for the irradiated samples 
but also for the unirradiated samples. The density of the same 
zeolite as reported last month, increased slightly. Dr. Benzel 
speculates that the increase in hardness, or decrease in 
crushability, is due to the gas mixture, i.e., the addition of 
1000 ppm NO 2 and 1000 ppm 0,. What chemical reaction is 
responsible for this apparedt change is not known at this point. 
III. Pressure and Temperature Monitoring 
Four sample holders were instrumented to monitor the pressure 
inside the tubes and temperature in the surface of the tubes. A 
typical sample of pressure and temperature versus time (date when 
reading was made) is shown in Figure 1. Obviously not much is 
happening here. 
An Equal Education and Employment Opportunity Institution 	 A Unit of the University System of Georgia 
Dr. Monson 
	
Page 2 	 January 23, 1985 
IV. Certification of Dose and Dose Rates 
The appended formal letter of certAfication fob total dose and 
dose rates for exposures of 1 x 10 and 1 x 10 rads is 
enclosed for your records. 
If you have any questions please let me know. 
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TABLE I 
Gas Analysis for NO and NO 2 from Sample Holders 













13 Dry Ag Zeolite + Gas 1.E + 9 19 440 
14 Dry Ag Zeolite + Gas 1.E + 9 7 310 
15 Sat Ag Zeolite + Gas 1.E + 9 12 180 
16 Sat Ag Zeolite + Gas 1.E + 9 6 250 
17 Dry H Zeolite + Gas 1.E + 9 11 240 
18 Dry H Zeolite + Gas 1.E + 9 6 290 
19 Sat H Zeolite + Gas 1.E + 9 26 270 
20 Sat H Zeolite + Gas 1.E + 9 30 80 
45 Dry H Zeolite + Gas Not irradiated 31 90 




NO = 	6PPB•' 
 NO
2 
 = ± 40 PPB 
b
Sample holders Nos. 45 and 47 were control samples filled with the same gas at 
the same time as the others but were not irradiated. 
Table II 
Mordenite Crushness Results 
Irradiated to 1 x 108 Rads 
Crushing Load (kgf) 
* 
Mordenite Type 	 Ag 	Ag 	Ag 	H 	H 
Gas Condition 	 Dry 	Dry 	Dry 	Dry 	Dry 
Sample Holder # 	 5 	 6 	41 	9 	10 






9.70 	8.64 	10.24 	4.24 	5.89 
7.28 	11.04 	12.51 	5.17 	10.18 
4.52 	6.01 	12.86 	5.58 	5.30 
9.77 	9.98 	7.01 	6.07 	4.31 
8.36 	10.09 	6.55 	6.26 	5.39 
	
16.06 	7.17 	10.58 
3.53 	3.23 	9.63 
7.12 
3.45 
- 	 7.754 	8.023 	9.911 	5.464 	6.214 
x 
S 	 3.947 	2.749 	2.443 	0.806 	2.290 
80% Spread 
	
2.702 - 	4.504 - 	6.784 - 4.432 - 	2.251 - 
12.806 11.542 13.038 	6.496 10.177 
95% Reliability 
	
5.175 - 	5.987 - 	8.101 - 4.758 - 	4.207 - 
10.333 10.059 11.720 6.170 8.221 
The total number of mordenite pellets varied from sample holder to sample 
holder because the size of the pellets varied greatly. Consequently the 
number of pellets in each sample holder varied. 
Table II Continued 





	 Saturated Saturated Saturated Saturated Saturated 
Sample Holder # 
	









































x 	 9.946 	5.966 	8.160 	4.023 	8.272 
S 	 3.177 	2.041 	3.238 	0.642 	2.272 
80% Spread 
	
5.879 - 	3.354 - 	4.015 - 	3.201 - 	5.364 - 
	
14.013 8.578 12.305 4.845 11.180 
95% Reliability 
	
7.161 - 	4.633 - 	5.761 - 	3.394 - 	6.281 - 
12.731 7.299 10.559 4.652 10.263 
4 	5 	6 8 
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Georgia Institute of Technology 
Neely Nuclear Research Center 
Atlanta, Georgia 30332 
(404) 894-3600 GEORGIA TECH 1885-1985 
DESIGNING TOMORROW TODAY 
   
        
January 18, 1985 
Actinide Technology Division 
E.I. DuPont de Nemours & Company, Inc. 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 
Attention: Dr. Paul R. Monson 	Reference: AX-0654697 
A-60-603 
Gentlemen: 
The items covered by the above number have been irradiated in 
accordance with quality assurance requirements using Cobalt 60 
(gamma energies 1.173 Mev, 1.332 Mev) to the total dose 
requested. 
We certify the specifics of the irradiation as follows: 
Irradiation Periods: Intervals between November 13, 1984 and 
December 21, 1984 as shown on the 
enclosed Gamma Irradiation Log Sheets 
DOSE Rates: 	 See Log Sheets 
Total Dose: 	 See Log Sheets 
Dosimetry: 	 Victoreen Radocon Model 500B-1 
Integrating/Rate Electrometer System 
with ionization chamber probe. Calibra-
tion by Victoreen traceable to NBS 
Cobalt-60. 
Calculations, a sketch, and photographs of the arrangement are 
enclosed. Please let us know if any additional information is 
needed. 
Yours truly, 
Dr. R.A. Ickam 
Interim Director 
Nuclear Research Center 
RAK/jlr 
AnE4UEao? Id  Employment Opportunity Institution 	 A Unit of the University System of Georgia 
GEORGIA INSTITUTE OF TECHNOLOGY 
Nuclear Research Center 
900 Atlantic Drive, N.W. 
Atlanta, Georgia 30332 
(404) 894-3608 
GAMMA IRRADIATION LOG 
NRC Reference: 451024 
1.0 x 10
8 
Client: Savannah River 
Reference: 	AX-0654697  









Dose - Rads 
11-13-84 11-15-84 
1135 1400 50.41 1.31 x 10 6 6.60 x 10 7  6.60 x 10 7  
11-15-84 11-16-84 
1400 1241 22.67 1.50 x 10 6 3.40 x 10 7 1.0 x 10 8 
Total Dose: 
Dose Rate: Unspecified 
GEORGIA INSTITUTE OF TECHNOLOGY 
Nuclear Research Center 
900 Atlantic Drive, N.W. 
Atlanta, Georgia 30332 
(404) 894-3608 
GAMMA IRRADIATION LOG 
Client: Savannah River NRC Reference: 
451024 
   
Reference: AX-0654697 Total Dose: 	1.0 x 10
9 
 
Item: Zeolite Samples 
	
Dose Rate:  Unspecified 






Dose - Fads 
11-16-84 11-21-84 
1500 1430 119.5 1.04 x 10 6  1.24 x 10 8  1.24 x 10 8 
11-21-84 12-17/84 
1430 1400 623.5 1.18 x 10 6  7.35 x 10 8 8.59 x 10 8 
12-17/84 12-21-84 
1400 1317 95.28 1.48 x 10 6  1.41 x 10 8  1.0 x 	: 
	11  0 r15-(14 
A T R 
100 0.954 0.869 1.125 60 234.85 
100 0.954 0.869 1.129 60 268.45 
100 0.954 0.869 1.129 60 186.35 
100 0.954 0.869 1.120 60 212.70 
100 0.954 0.869 1 .129 60 264.90 
X 10
6 







Dose rate, rads/hr 
1.31 
Co-60 FRAMES 
DOSE RATE DETERMINATION 
IxPxDxAxTxR= Dose rate, rads/hr (air equivalent) 
I = Electrometer high level conversion 
P = Probe efficiency 
D = Dose conversion, roentgen to rad 
A = Temperature & Pressure correction to standardize 
to 0 degree Celsius and 760 mm lig 
'P = Time conversion, min. to hr. 
R = Electrometer reading 
Savannah River # AX-0654697 






























Calibrated: October 31, 1984 
By: Neely Nuclear Research Center 
Georgia Institute of Technology 
Atlanta, Georgia 30332 
Next Calibration Due: October 31, 1985 
Instruments used: 
Keithley Picoampere Source 
Model 4261 
Serial #71987 
Calibration: March 3, 1984 
By: General Electric 
5096 Peachtree Road 
Chamblee, Georgia 30341 
Next Calibration Due: March 3, 1985 
General Electric Traceability 
N.B.S. 4223659 Dated June 23, 1983 Due June 28, 1984 
N.B.S. 4230753 Dated June 28, 1983 Due June 28, 1984 
G.L.I. PET 114/1 Dated August 8, 1983 Due August 8, 1984 
Guild Line Instruments 
P.O. Box 99 
Smith Falls 
Ontario, Canada 
Hewlett Packard Digital Voltmeter 
Model 434608 
Serial 4709-00133 
Calibration: October 18, 1984 
By: Engineering Experiment Station 
Georgia Institute of Technology 
Atlanta, Georgia 30332 
Next Calibration Due: April 18, 1985 
Georgia Institute of Technology Traceability 
N.B.S. 4224381 Dated July 24, 1984 Due January 24, 1985 
N.B.S. 4223372 Dated July 24, 1984 Due January 24, 1935 
N.B.S. 4225026 Dated July 24, 1984 Due January 24, 1985 




Calibration: 	April 18, 1984 
By: Victoreen, Inc. 
10101 Woodland Avenue 
Cleveland, Ohio 44104 
Next Calibration Due: April 18, 1985 
Victoreen Traceability 
Test Number DG8118/83 
Calibration: September 29, 1933 
PTW Cnamber Model 30-343 
Serial Number N23361-142 
Georgia Institute of Technology 
Neely Nuclear Research Center 
Atlanta, Georgia 30332 
(404) 894-3600 
 
GEORGIA TECII 1885-19E5 
   
DESIGNING TOMORROW TODAY 
     
March 1, 1985 
Dr. Paul R. Monson 
Actinide Technology Division 
E.I. DuPont de Nemours & Company, Inc. 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 
Dear Paul: 
This is a progress report for the months of January and February, 1985 on the 
project entitled "Characterization of Changes in Adsorbent Properties under 
High Radiation Doses." 
I. Density Measurements 
Dr. J. Benzel measured the density of the mordenite samples exposed to 1 x 10
9 
rads. He also measured two control hydrogen mordenite samples: one dry and one 
saturated. The results are given in Table I. If one compares these results 
with results reported for the months of August and September, 1984, ,ne finds 
that the density has increased, on the average by 5%. This is true for both 
silver and hydrogen mordenite. No detectable difference appears between 
dry and saturated conditions or irradiated and unirradiated samples. Samples 
numbers 45 and 47 both contained hydrogen mordenite, one dry and one satur-
ated, both were not irradiated, but both had the same apparent density 
increase as the irradiated samples. The increase in density is small and at 
this point it not known whether it is real or if it is due to some systematic 
error. The systematic error will be checked the next time a density measure-
ment is made by measuring the density of some of the original zeolite that 
is left over and stored in a desicator. 
II. Crushing Strength 
The crushing 1 • ds for the zeolite pellets which were irradiated to 1 x 10
9 
rads are report 3 in Table II. Comparison of these data with measurements 
reported in the ily and December, 1984 monthly reports shows that the load 
needed to crush 	e pellets increased from a value of about 4.9 kgf for the 
fresh pellets to a range of values of 5.5 to 9.9 kgf for pellets irradiated 
to 1 x 10 8 rads and to 5.9 to 11.2 kgf for the pellets irradiated to 
1 x 10 9 rads. Note that the control samples (unirradiated) for both exposures 
showed tendencies similar to those which were irradiated. The statistical 
spread in these measurements, however, is large and this point was raised 
previously. Here again it might be useful to ask Dr. Benzel to measure 
the crushing strength of the original fresh zeolite. 
An Equal Education and Employment C 	 - stitution 	 A Unit of the University System of Georgia 
Dr. Monson 
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III. Hardness Measurements 
The hardness measurements of samples exposed to / x 10
8 
and I x 10 9 rads 
are given in Table III. Comparison of these data with previous data does 
not lead to any obvious trend. A closer look and further statistical 
analysis might be required. 
IV. Adsorption and Crystallographic Measurements 
of Irradiated Samples 
Dr. Tudor Thomas performed the crystallographic and adsorption characteriz-
ations on the eight samples irradiated to 1 x 10 9 rads, two control samples 
and one additional Union Carbide M-8 standard sample. His results are 
given in Table IV. 
Again it appears that: 
1. The H-mordenite materials are relatively unaffected by the addition 
of ozone and NO
2 
and exposure to radiation. The retention of 
crystallinity and oxygen capacity is indicated. 
2. Ag-mordenite is much less stable than the H-mordenite to these 
conditions. 
If you have any questions please let me know. 




Nuclear Research Center 
RAK/jlr 
TABLE I 
Density Measurement of Zeolite Samples 

























45 H 0 Dry 1.971 
47 H 0 Saturated 1.963 
TABLE II 
Crushing Load Measurements of Zeolite Samples 
Type 
Gas 























10.7 12.1 13.1 13.0 11.0 
14.0 13.3 13.2 9.8 5.9 
8.8 7.3 6.7 6.5 11.6 
8.6 10.3 13.8 9.9 
14.5 11.1 11.0 
10.3 9.3 
x 11.2 10.8 11.2 9.80 9.50 
S 2.54 2.27 2.77 2.65 3.13 
80% Spread 7.95 - 7.89 	- 7.65 - 6.41 - 5.49 	- 
14.45 13.71 14.75 13.19 13.51 
95% Reliability 9.17 	- 8.81 - 8.98 - 7.20 - 5.96 - 
13.23 12.79 13.42 12.40 13.04 
Type 
Gas 
TABLE II (Continued) 
























14.7 10.3 6.8 8.0 6.4 
7.0 6.6 7.6 3.0 10.2 
10.6 11.3 9.3 4.5 14.0 
8.3 6.0 8.1 9.6 
5.9 
x 10.15 9.40 7.12 5.90 10.1 
S 3.38 2.48 1.40 2.56 3.12 
80% Spread 5.82 - 6.23 - 5.33 - 2.62 - 6.11 - 
14.48 12.57 8.91 9.18 14.09 
95% Reliability 6.84 - 6.59 - 5.89 - 3.39 - 7.04 - 
13.46 12.21 8.35 8.41 13.16 
TABLE III 
Hardness Measurements 
Microhardness (Knoop Hardness Number) 
SAMPLE TYPE RADS GAS KHN X S 
5 Ag 10


















50.8 42.6 4.7 
8 Ag 10




40.9 38.2 5.61 
9 H 2 10




104.8 93.8 21.2 
10 H2 10




95.3 100.1 18.6 





11 H 2 10




74.5 79.7 17.7 
12 H2 10




62.1 68.6 14.7 




31.1 30.2 3.48 




49.6 47.0 10.2 
15 Ag 10




40.8 41.2 6.77 




33.9 38.9 9.09 











127.0 131.2 33.5 






65.8 117.9 59.2 






116.6 106.4 16.9 






130.5 112.9 15.3 




49.2 43.9 4.37 




43.0 47.5 6.19 




94.8 110.9 24.1 
TABLE III (Continued) 
SAMPLE 	TYPE 	RADS 	 GAS 	KHN  
47 	H2 	




136.9 143.7 47.0 
*
These tests were done on a Tukon Tester manufactured by Wilson Mechanical 
Instrument Division of American Chain and Cable Company using a 175 gram 
load. The bottom of the samples were flattened on 180 grit SIC paper so 
they were stable on the testing stage. The tops of the samples were very 
lightly ground on 600 grit SiC paper before the hardness measurements were 
made. 
TABLE IV 
Adsorption and Crystallographic Properties 
Sample Holder # 	Contents 	Irradiation Dose 	% Crystallinitya ' b 	Capacity-wt% c  
13 	 dry Ag-M 	1 x 10
9 
Rads 	 17.2 	 14.0 
14 	 dry Ag-M 	1 x 10
9 
Rads 	 16.5 	 12.6 
15 	 sat Ag-M 	1 x 10
9 
Rads 	 17.7 	 13.0 
16 	 sat Ag-M 	1 x 10
9 
Rads 	 15.6 	 15.3 
17 	 dry H-M 	1 x 10
9 
Rads 	 68.0 	 23.7 
18 	 dry H-M 	1 x 10
9 
Rads 	 75.6 	 23.3 
19 	 sat H-M 	1 x 10
9 
Rads 	 77.8 	 22.7 
20 	 sat H-M 	1 x 10
9 
Rads 	 79.6 	 23.9 
45 	 dry H-M 	0.0 	 69.8 	 22.4 
47 	 sat H-M 	0.0 	 74.5 	 23.6 
Union Carbide 0.0 	 100. 	 23.8 
H-mordenite 
a
X-ray diffraction pattern of the sample relative to a standard H-mordenite 
sample of 100% crystallinity 
b
All results compare to a commercial H-mordenite powder with 100% crystallinity. 
c
Oxygen adsorption capacity at 75 torr and -196
o




Georgia Institute of Technology 
Neely Nuclear Research Center 
Atlanta, Georgia 30332 
(404) 894-3600 GEORGIA TECH 1885-1985 
DESIGNING TOMORROW TODAY 
   
April 3, 1985 
Dr. Paul R. Monson 
Actinide Technology Division 
E.I. DuPont de Nemours and Company, Inc. 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 
Dear Paul: 
This is a progress report for the month of March 1985 on the project 
entitled, "Characterization of Changes in Adsorbent Properties under High 
Radiation Doses." 
The exposure to 5 x 10
9 
rads of 10 samples has recently been completed. 
Gas analysis is in progress and the rest of the analyses will follow shortly. 
I don't have any results to report to you yet. I am enclosing some color 
prints I took of the sample holders. The prints are numbered lightly on 
the back. Print #1 was taken inside the Hot Cell and the stainless steel 
cylinders in the center of each irradiation assembly, simulate the actual 
Co 6° containing cylinders. The Co 6° containing cylinders are longer than 
the "dummys" and produce a uniform field along the entire length of the 
sample holders which contain the zeolite. Prints #4 and 5 are the only 
photographs taken from, the outside of the Hot Cell through the viewing window 
with the Co° in place. 
I apologize for the quality of these photographs taken from the outside. This 
is as good as I can do without filters. If you wish better quality photographs 
please let me know. For that I need to engage a professional photographer. 
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Atlanta, Georgia 30332 
(404) 894-3600 GEORGIA TECH 1885-1985 
DESIGNING TOMORROW TODAY 
   
May 14, 1985 
Dr. Paul R. Monson 
Actinide Technology Division 
E.I. DuPont de Nemours and Company, Inc. 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 
Dear Paul: 
This is a progress report for the month of April 1985 on the project entitled, 
"Characterization of Changes in Adsorbent Properties under High Radiation 
Doses." 
I. Gas Analysis 
The 5 billion rads (5 x 10
9
) exposure of eight samples of mordenite (four 
hydrogen and four silver) was completed in early April 1985. Gas analysis 
for NO and NO of the air mixture contained in the irradiated sample holder 
and two control samples, not irradiated, was performed by Dr. D. Davis. His 
results are giNen in Table I. The results show that increasing the total 
dose to 5 x 10 rads does not appear to affect the NO and NO
2 
content of the 
gas mixture. 
II. Crushing Strength Measurements 
Crushing strength measurements of the eight irradiated samples, the two 
control samples, and two samples (one hydrogen and silver) of the original 




or radiation, were measured by Dr. 
J. Benzel. His results are given in Tab le II. Comparing these results with 
those reported in the July 1985 progress report shows that the crushing 
strength of all zeolites increased, including those for the two samples (A&B) 
not irradiated and not exposed to NO, and 0,. F(3, example the original 
rrushing strength for hydrogen zeolite was 4.943 -2.384 kgf compared to 8.34 
-2.29 kgf now (Sample A). 	the original crushing strength for 
silver zeolite was 4.726 - 4.040 kgf compared to 14.3 -4.81 kgf now (Sample 
B). The increase in crushing strength is time dependent but appears to be 
unrelated to total dose exposure or NO
2 
	is 
 0 treatment. It also appears 
3 
that the silver zeolite crushing strength s increasing at a faster rate 
than that of the hydrogen. (Note that the untreated and irradiated mordenite 
samples (A&B) have been stored in a dessicator all the time.) 
An Equal Education and Employment OpportuL.., .nstitution 	 A Unit of the University System of Georgia 
Dr. Paul R. Monson 
Page 2 
May 14, 1985 
III. Adsorption and Crystallographic Measurements 
Dr. Tudor Thomas performed the crystallographi5 and adsorption characteriza-
tion on the eight samples irradiated to 5 x 10 rads, the two control samples, 
two samples of original zeolite and one Union Carbide Standard M-8. His 
results are given in Table III. Comparing these results with previous 
results tend to show that the adsorption capacity of the silver zeolite is 
begiAning to decrease with inmeasing the total dose. It would be interesting 
to see what happens at 1 x 10 rad level. The hydrogen zeolite on the other 
hand seems to hold real well. 
IV. Certification of Dose and Dose Rates 
The appended formal lebter of certification for total dose and dose rates 
for exposure of 5 x 10 rads is enclosed for your records. 









May 14, 1985 
TABLE I 
Gas Analysis for NO and NO 2 fr5m Sample Holders 
Irradiated to 5 x 10 Rads 









21 Dry Ag Zeolite + Gas 5.E + 9 25 140 
22 Dry Ag Zeolite + Gas 5.E + 9 28 150 
23 Sat Ag Zeolite + Gas 5.E + 9 18 20 
24 Sat Ag Zeolite + Gas 5.E + 9 11 70 
25 Dry H Zeolite + Gas 5.E + 9 31 800 
26 Dry H Zeolite + Gas 5.E + 9 20 220 
27 Sat H Zeolite + Gas 5.E + 9 7 50 
28 Sat H Zeolite + Gas 5.E + 9 40 52 
46 Dry H Zeolite + Gas Not irradiatedb 9 180 
48 
a 
Sat H Zeolite + Gas Not irradiated 9 40 
Measurement Uncertainty: 	NO = - 2PPB; NO
2 
= - 20 PPB 
b
Sample holders Nos. 46 and 48 were control samples filled with the same 
gas at the same time as the others but were not irradiated. 
Dr. Paul Monson 
Page 4 
May 14, 1985 
TABLE II 
Mordenite Crushness esults 
Irradiated to 5 x 10 Rads 
Crushing Load (kgf) 
* 
Mordenite Type 	Ag 	Ag 	Ag 	Ag 	H 	H 
Gas Condition 	 Dry 	Dry 	Sat. 	Sat. 	Dry- 	Dry 
Sample Holder # 	21 	22 	23 	24 	25 	26 





































x 8.15 10.8 10.7 9.8 8.33 10.0 
S 2.28 2.35 2.91 4.15 0.85 1.38 
80% Spread 5.23- 7.15- 6.98- 4.49- 7.24- 8.23 
11.07 14.45 14.42 15.11 9.42 11.77 
95% Reliability 5.92- 8.30- 8.15- 5.73- 7.50- 8.65- 
10.38 13.30 13.25 13.87 9.16 11.35 
* 
The total number of mordenite pellets varied from sample holder to sample 
holder because the size of the pellets varied greatly. Consequently, the 
number of pellets in each sample holder varied. 
Dr. Monson 
Page 5 
May 14, 1985 















Sample Holder # 27 28 46 48 A B 
Exposure, Rads 5 x 10 
9 	
5 x 10 
9 
0 0 0 0 
7.6 9.7 10.0 16.6 11.0 18.7 
8.3 10.1 5.6 12.1 9.7 19.0 
7.6 5.0 7.5 15.0 11.5 9.2 
10.5 13.2 5.7 6.0 9.1 12.2 






x 8.84 9.5 7.20 11.4 8.34 14.3 
S 1.41 3.38 2.06 4.61 2.29 4.81 
80% Spread 7.04- 5.17- 4.56- 5.50- 5.41- 8.14- 
10.64 13.83 9.84 17.0 11.27 20.46 
95% Reliability 7.60- 6.19 5.18- 7.36- 6.92- 11.16- 
10.08 12.81 9.22 15.44 9.76 17.44 
Dr. Monson 
Page 6 
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TABLE III 
Adsorption and Crystallographic Properties 
Sample 





100 gm Sample Crystallinity 
21 Dry Ag zeolite 
+ Gas 
5.0 E + 9 8.1 16 
22 Dry Ag zeolite 
+ Gas 
5.0 E + 9 11.3 19 
23 Sat Ag zeolite 
+ Gas 
5.0 E + 9 8.0 20 
24 Sat Ag zeolite 
+ Gas 
5.0 E + 9 8.3 16 
25 Dry H zeolite 
+ Gas 
5.0 E + 9 24.1 72 
26 Dry H zeolite 
+ Gas 
5.0 E + 9 21.3 74 
27 Sat H zeolite 
+ Gas 
5.0 E + 9 23.3 71 
28 Sat H zeolite 
+ Gas 
5.0 E + 9 23.8 85 
46 Dry H zeolite 
+ Gas 
Not irradiated 23.3 84 
48 Sat H zeolite 
+ Gas 
Not irradiated 26.2 70 
A Special Dry H 
Sample 








Std M-8 Union Carbide 
Standard 
Not irradiated 23.2 80 
GEORGIA TECH 1885-1985 
Georgia Institute of Technology 
Neely Nuclear Research Center 
Atlanta, Georgia 30332 
(404) 894-3600 
DESIGNING TOMORROW TODAY 
.111.■■•■ 
May 9, 1985 
Actinide Technology Division 
E.I. DuPont de Nemours and Company 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 




The items covered by the above number have been irradiated in accordance 
with quality assurance requirements using Cobalt 60 (gamma energies 1.173 
Mev, 1.332 Mev) to the total dose requested. 
We certify the specifics of the irradiation as follows: 
Irradiation Periods: Intervals between November 16, 1984 and March 25, 
1985 as shown on the enclosed Gamma Irradiation Loa 
Sheets 
Dose Rates: 	 See Log Sheet 
Total Dose: 	 5.0 x 10
9 
Rads (air) 
Dosimetry: 	 Victoreen Model 500B-1 Integrating/Rate Electrometer 
System with ionization chamber probe. Calibration by 
Victoreen traceable to NBS Cobalt-60. 
Calculations, a sketch, and photographs of the arrangement are enclosed. 
Please let us know if any additional information is needed. 
Yours truly, 
Dr. R.A. K3ram 
Interim Director 
Nuclear Research Center 
RAK/j1r 
Enclosures 
An Equal Education and Employment Opportunity Institution 	 A Unit of the University System of Georgia 
GEORGIA INSTITUTE OF TECHNOLOGY 
Nuclear Research Center 
900 Atlantic Drive, N.W. 
Atlanta, Georgia 30332 
(404) 894-3608 




Savannah River Laboratories 
AX -065 -4697 
Zeolite Samples 
N RC Reference: 	451024  
Total Dose: 	
9 
5 x 10 









Dose - Rads 
11/16/84 11/21/34 
1500 1430 119.5 
6 
1.04 x 10 
8 
1.24 x 10 
8 
1.24 x 10 
11/21/84 12/17/84 


















1.53 x 109  
1/24/85 1/25/85 




 1.56 x 10
9 
1/31/85 2/4/85 













GEORGIA INSTITUTE OF TECHNOLOGY 
Nuclear Research Center 
900 Atlantic Drive, N.W. 
Atlanta, Georgia 30332 
(404) 894-3608 
GAMMA IRRADIATION LOG 
Savannah River  	NRC Reference: 	
 
451024 
Reference: 	AX - 065 - 4697 	Total Dose: 	5.0 x 10
9 
Item: Zeolite Samples Dose Rate:  Unspecified 








Dose - Rads 
2/7/85 2/8/85 

















































3/13 '85 3/18/85 
113) 1030 119.0 3.74 x 10 6 4.45 x 10 8 4.61 x 10 9  
Client: Savannah River 
 
Reference: 	AX-0654697 
GEORGIA INSTITUTE OF TECHNOLOGY 
Nuclear Research Center 
900 Atlantic Drive, N.W. 
Atlanta, Georgia 30332 
(404) 894-3608 
GAMMA IRRADIATION LOG 
 	NRC Reference: 	451024 
Total Dose: 	5.0 x 10
9 
Item:  Zeolite Samples 
	









Dose - Rads 
3/19/85 3/20/85 





















Georgia institute of Technology 
Neely Nuclear Research Center 
Atlanta, Georgia 30332 
(404) 894-3600 GEORGIA TECH 1865-1985 
DESIGNING TOMORROW TODAY 
July 24, 1905 
  
Dr. Paul R. Monson 
Actinide Technology Division 
E.I. DuPont de Neiuours and Company, Inc. 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 
Dean Paul: 
This is a progress report for the months of May and June, 1985 on 
the project entitled "Characterization of Changes in Adsorbent 
Properties under High Radiation Doses." 
I. Gas Analysis 
The 10 billion rads 	(1 x 10
10
) 	exposure of 12 samples of 
mordenite (six hydrogen and six silver) and two gas only samples 
were completed in early June 1985. Gas analysis for NO and NO, ) 
 of the air mixture contained in the irradiated samples and four 
unirradiated samples, was performed by Dr. D. Davis. His results 
ale given in Table I. 
II. Density measurements 
Dr. J. Bnzel measured the dTpsity of samples exposed to doses of 
5 x 10 	rads and 1 x 10 	rads. The results are given in 
Tables II and III respectively. The last two samples listed in 
Table II and also in Table III are original zeolite supplied by 
Savannah River Laboratory that was stored in a dessicator and not 
exposed to radiation, NO 2 or ozone. The values listed for 
these samples provide a reference against which reproducibility 
can be evaluated. Furthee analysis of these data will be 
deferred until the final report. 
III. Crushing Strength Measurements 
Dr. J. Benzel alsT o measured the crushing strength of the samples 
exposed to 1 x 10 	rads. The data are given in Table IV. 
An Equal Education and Employment Opportunity Institution 	 A Unit of the University System of Georgia 
Dr. monson 	 page 2 	 July 24, 1985 
IV. Hardness measurements 
The mirohardness mcasulsments for samples irradiated to 
5 x 10') rads and 1 x 10 	rads are given in Table V. 
V. Adsorption and Crystallographic Measurements 
Dr. Tudor Thomas measured the adsorption and cipcallograpnic 
properties of the samples irradiated to 1 x 10 	rads. 	The 
results are given in Table VI. Note the standard sample m-8 
reported in Table VI is a powder sample whereas the M-8 standards 
reported in Lhe April progress report was a pellet. That is why 
the percent crystallinity for the two standards differ. 
VI. Certification of Dose and Dose Rates 
The approved formal letter of certifiietion for total dose and 
dose rates for exposure of 1 x 10 rads is enclosed for your 
records. 
VII. Analysis 
No analysis of the data has been attempted up to this point. I 
recommend that you and other interested personnel from SRL plan 
to meet with us for perhaps one day here at Georgia Tech to 
discuss informally what we have learned thus far before I attempt 
to write the final report. There is one constraint with regard 
to the meeting: 	Tudor "Tomas will be on vacation August 
9-September 9. If you can make it before August 9, 1985 please 






Gas Analysis for NO and NO
2 
from 










1 Dry Ag Zeolite + Gas (Gauged) 1.0 E + 10 3 80 
2 Sat Ag Zeolite + Gas (Gauged) 1.0 E + 10 21 280 
3 Dry H Zeolite + Gas (Gauged) 1.0 E + 10 6400 950 
4 Sat H Zeolite + Gas (Gauged) 1.0 E + 10 8 160 
29 Dry Ag Zeolite + Gas 1.0 E + 10 7 120 
30 Dry Ag Zeolite + Gas 1.0 E + 10 120 520 
31 Sat Ag Zeolite + Gas 1.0 E + 10 52 430 
32 Sat Ag Zeolite + Gas 1.0 E + 10 70 480 
33 Dry H Zeolite + Gas 1.0 E + 10 440 970 
34 Dry H Zeolite + Gas 1.0 E + 10 2220 1330 
35 Sat H Zeolite + Gas 1.0 E + 10 14300 6000 
36 Sat H Zeolite + Gas 1.0 E ± 10 5100 3500 
37 Dry Gas Onlyb 1.0 E + 10 106000 87000 
38 Sat Gas Onlyb 1.0 E + 10 72000 63000 
39 Dry Gas Onlyb Not Irradiated 10100 24000 
40 
42 
Sat Gas Onlyb 
b 







44 Sat Ag Zeolite + Gas Not Irradiated 280 1700 
a





Density Measurement of Zeolite Samples 
Rads 	 Gas Densi t y 





9 Dry 2.356 
23 Ag 5x10












27 H 2 5x10
9 Saturated 1.914 
28 H2 5x10
9 Saturated 1.897 




0 Saturated 1.918 
Fresh H 2 0 None 1.875 
Fresh Ag 0 None 2.350 
Sample Type 
TABLE III 
Density Measurement of Zeolite 






















































1 010 1 x 10 





1 010 1 x 10 
1 010 1 x 10 
1 010 1 x 10 
10 






























Crushness Results of Mordenite Samples Irradiated to 1x10
10 
Rads 
Crushing Load (cgf) 
le Tube 
	
Ag 	Ag 	H2 	H2 	
Ag 	Ag 	Ag 
Dry 	Saturated 	Dry 	Saturated Dry 	Dry 	Saturated 













1 6.7 	13.9 	5.8 	9.7 	18.0 	10.88 	14.7 
20.6 	8.8 	12.1 	8.0 	9.1 	 20.1 
7.9 	11.3 	7.2 	8.8 	10.2 	 8.9 









10.1 	8.28 	9.0 
4.39 	1.31 	3.82 
4.48- 	6.60- 	7.03- 
15.7 	9.96 	16.8 
5.80- 	7.00- 	8.55- 









7 one sample available for testing. 
TABLE IV (CONTINUED) 
Crushing Load (4f). 





Gas 	 Saturated 	Dry 	Dry 	Saturated Saturated 	Dry 
Sample Tube 	 32 	33 	34 	35 	36 	42 
10 	10 	 10 	10 lx10 lx10 lx10 lx10 Rads 	 lx101° 	 0 
	
12.2 	9.1 	6.8 	11.1 	8.0 
14.8 	8.0 	7.4 	8.6 	10.1 
9.4 	10.1 	12.5 	7.7 	9.5 
14.1 	8.4 	8.6 	 12.6 
12.7 	7.9 
x 	 12,6 	9.66 	8.64 	9.10 	10.1 
S 	 2.41 	1.88 	2.26 	1.71 	1.92 
9.55- 	7.25- 	5.75- 	6.91- 	7.59- 
15.7 	12.1 	11.5 	11.3 	12.5 
10.2- 	8.01- 	6.66- 	7.16- 	8.22- 












TABLE IV (CONTINUED) 




Type 	 Ag 	 H2 	 Ag 
Gas 	 Saturated 	None 	None 	None 	None 
Sample Tube 	 44 	 Fresh 	Fresh 	Fresh 	Fresh 












































x 	 10.4 	8.65 	4.65 	11.5 
	
8.81 





2.48- 	5.13- 	2.48- 
	8.04- 	4.52- 
	
18.4 12.2 	6.81 14.9 13.1 
95% Reliability 
	
3.37- 	6.95- 	3.60- 
	9.35- 	6.73- 
17.4 10.4 	5.70 13.2 10.9 
(1) Cross-head speed changed form 0.05 cm/min to 0.005 cm/min. 
TABLE 
Microhardness Results of Mordenite Samples 











43.3 41.7 5.45 
2 Ag 10




33.2 45.9 11.7 
3 H 2 
10




79.2 87.7 23.4 







128.7 122.0 8.72 




47.3 37.9 5.59 




45.3 43.4 5.80 
Rads 
Sample Type Rads 
TABLE V (CONTINUED) 
Gas 	KHN 
23 Ag 5x10




31.3 32.5 4.87 
24 Ag 5x10




51.5 47.3 13.4 
25 H 2 
5x10




133.9 115.5 13.1 
26 H 2  5x10




103.0 90.7 18.3 
27 H 2 5x10




77.0 65.0 21.9 
28 H2 5x10




86.2 85.9 13.3 
TABLE V (CONTINUED) 
Sample 	Type 	Rads 	Gas 	KHN 	X 











































80.3 85.5 14.9 







130.4 131.9 27.8 
Sample Type Rads 
TABLE V (CONTINUED) 
Gas KHN 
36 H 2 10




124.9 97.9 19.5 




45.8 50.0 33.5 




35.6 35.4 7.1 





96.5 113.0 31.6 





90.4 95.9 9..26 




28.4 36.9 10.0 
TABLE V (CONTINUED) 
Sample 	Type 	Rads 	Gas 	KHN 	X 




196.8 136.2 38.8 
* 
These tests were done on a Tukon Tester manufactured by Wilson Mechanical 
Instrument Division of American Chain and Cable Company using a 175 gram 
load. The bottom of the samples were flattened on 180 grit SiC paper so 
they were stable on the testing stage. The tops of the samples were very 
lightly ground on 600 grit SiC paper before the hardness measurements were 
made. 
TABLE VI 
Adsorption and Crystallographic Measurements of 








100 gm SAMPLE CRYSTALLINITY 
1 Dry Ag zeolite 
+ Gas (Gauged) 
1.0 E + 10 16.1 20.9 
2 Sat Ag zeolite 
+ Gas (Gauged) 
1.0 E + 10 16.7 22.2 
3 Dry H zeolite + 
Gas (Gauged 
1.0 E + 10 23.7 78.3 
4 Sat H zeolite + 
Gas (Gauged) 
1.0 E + 10 23.8 83.1 
29 Dry Ag zeolite 
+ Gas 
1.0 E + 10 11.2 18.1 
30 Dry Ag zeolite 
+ Gas 
1.0 E + 10 14.0 18.8 
31 Sat Ag zeolite + 
Gas 
1.0 E + 10 7.8 19.7 
32 Sat Ag zeolite + 
Gas 
1.0 E + 10 14.0 15.9 
33 Dry H zeolite + 
Gas 
1.0 E + 10 23.9 80.0 
34 Dry H zeolite + 
Gas 
1.0 E + 10 27.9 79.6 
35 Sat H zeolite + 
Gas 
1.0 E + 10 23.3 86.5 
36 Sat H zeolite + 
Gas 
1.0 E + 10 23.6 84.2 
42 Dry Ag zeolite + 
Gas 
Not Irradiated 12.0 20.6 
44 Dry Ag zeolite + 
Gas 
Not Irradiated 12.7 21.3 
STD M-8 powder Not Irradiated 28.0 100.0 
Georgia Institute of Technology 
Neely Nuclear Research Center 
Atlanta, Georgia 30332 
(404) 894-3600 	 GEORGIA TECH 1885-1985 
DESIGNING TOMORROW TODAY 
June 26, 1985 
Actinide Technology Division 
E.I. DuPont de Nemours & Company, Inc. 
Atomic Energy Division 
Savannah River Laboratory 
Aiken, South Carolina 29808 
Attention: Dr. Paul R. Monson 	Reference: AX-0654697 
A-60-603 
Gentlemen: 
The items covered by the above number have been irradiated in 
accordance with quality assurance requirements using Cobalt 60 
(gamma energies 1.173 Mev, 1.332 Mev) to the total dose 
requested. 
We certify the specifics of the irradiation as follows: 
Irradiation Periods: Intervals between November 16, 1984 and 
June 11, 1985 as shown on the enclosed 
Gamma Irradiation Log Sheets 
Dose Rates: 	 See Log Sheets 
Total Dose: 	 1.0 x 10
10 Rads (air) 
Dosimetry: 	 Victoreen Model 500B-1 Integrating/Rate 
Electrometer System with ionization 
chamber probe. Calibration by Victoreen 
traceable to NBS Cobalt-60. 
Calcllations, a sketch, and photographs of the arrangement are 




Dr. R.A. Karam 
Interim Director 
Nuclear Research Center 
RAK/jlr 
Enclosures 
An Equal Education and Employment Opportunity Institution 	 A Unit of the University System of Georgia 
GEORGIA INSTITUTE OF TECHNOLCGY 
Nuclear Research Center 
900 Atlantic Drive, N.W. 
Atlanta, Georgia 30332 
(404) 894-3608 
GAMMA IRRADIATION LOG 
NRC Reference: Client: 	  
Savannah River Laboratory 	 451024 
1.0 x 10
10 
Reference: AX- 0654697  Total Dose: 
Item: Zeolite Samples  Dose Rate: Unspecified 







Dose - Rads 
11/16/84 11/21/84 




1.24 x 10 8  
11/21/84 12/17/84 




8.59 x 10 
8 
12/17/84 12/21/84 
1400 1317 95.28 1.48 x 10 6  1.41 x 10 8  1.0 x 10 
12/21/84 1/8/85 
1545 0825 424.66 1.25 x 10 6 5.30 x 10 8 1.53 x 10 
9 
1/31/85 2/4/85 
1536 1310 93.56 2.38 x 10 6 2.22 x 10 8 1.75 x 10 
9 
2/5/85 2/7/85 
1606 0931 41.41 2.38 x 10 6 9.85 x 10
7 1.84 x 10 
9 
2/7/85 2/8/85 
1408 1328 23.33 2.38 x 10 6 5.55 x 10 7 1.89 x 10 9 
2/9 85 2/11/85 
1620 0916 40.93 2.38 x 10




GEORGIA INSTITUTE OF TECHI\OLOGY 
Nuclear Research Center 
900 Atlantic Drive, N.W. 
Atlanta, Georgia 30332 
(404) 894-3608 
GAMMA IRRADIATION LOG 
Client: Savannah River Laboratory 	NRC Reference: 451024 
Reference: AX-0654697 Total Dose: 1.0 x 10
10 
 
     
Item: Zeolite Samples Dose Rate:  Unspecified  






Dose - Rads 
2/11/85 2/20/85 
1222 1322 217.0 2.38 x 10 6 5.16 x 10 8 2.49 	x 	10
9 
2/27/85 2/28/85 
1626 0926 17.0 2.38 	x 	10
6 4.04 	x 10
7 2.53 	x 	10
9 
21213/85 3/5/85 
1546 1346 118.0 2.38 x 10
6 2.80 	x 10 8 2.81 x 10 9 
3/5/a5 Laa/85 
___17 1017 20.0 2.38 	x 10 6 4.76 	x 	10 7 2.85 	x 	10
9 
3/6/85 3/12/85 
1631 1116 138.75 2.38 	x 10 6 3.30 	x 10 8 3.18 	x 10
9 
3/1:/85 3/18/85 
1131 1031 119.0 2.38 x 10
6 2.83 	x 	10
8 3.46 	x 	10 9 
Client: 
GEORGIA INSTITUTE OF TECHNOLOGY 
Nuclear Research Center 
900 Atlantic Drive, N.W. 
Atlanta, Georgia 30332 
(404) 894-3608 
GAMMA IRRADIATION LOG 
Savannah River Laboratory 	 451024  NRC Reference: 	  
    
Reference: AX-0654697 Total Dose: 	
10 1.0 x 10 
  
Item: Zeolite Samples Dose Rate:  Unspecified 
  






Dose - Rads 
3/19/85 3/25/85 
1616 	j 0755 135.65 2.38 x 10 6 3.22 	x 10 8 3.78 	x 	10 9 
3/23/85 3/27/85 
1520 1020 42.0 3.91 x 10
6 1.64 	x 10
8 3.94 	x 10 9 
3 '27/85 4/1/85 
1525 1525 120.0 3.91 x 10 6 
 4.69 	x 10 8 4.40 	x 10
9 
4/3/85 4/3/85 
1030 1230  2.0 3.91 x 10 6  7.82 x 10
6  	4.40 	x 	10 9 
4/5/85 4/10/85 
1125 115.5 3.91 x 10
6 4.51 	x 10




1612 0940 17.46 3.91 	x 10 6 6.82 	x 10
7 
4.91 x 10 9 
4/11/85 4/15/85 
1325 1525 98.0 3.91 x 10
6 3.83 x 10 8 5.29 	x 10 9 
4/15/85 4/16/85 
1610 1010 18.0 3.91 x 10




GEORGIA INSTITUTE OF TECHNOLOGY 
Nuclear Research Center 
900 Atlantic Drive, N.W. 
Atlanta, Georgia 30332 
(404) 894-3608 
GAMMA I Fi7ADIATION LOG 
Savannah River Laboratory 	 451024  NRC Reference: 	  
  
    
Reference: AX - 0654697  Total Dose: 1.0 x 10
10 
  
Item: Zeolite Samples Dose Rate: Unspecified 
  







Dose - Rads 
4/16/85 4/17/85 
1325 1345 22.33 3.91 x 10
6 8.73 x 10 7 5.44 x 10
9 
4/17/85 4/23/85 
1620 1105 138.75 3.91 x 10 6 5.42 x 10 8 5.98 x 10
9 
4/23/85 4/26/85 
1510 1200 67.83 3.91 x 10






1616 1153 66.61 3.91 x 10




NOTE: Time Cha 1.e Occurred During Last Period 
4/30/85 5/6/85 
1555 1100 139.08 3.91 x 10 6 5.43 x 10
8 
7.04 x 10 
 
5/7/85 5/8/85 
0900 0830 23.5 3.91 x 10 6 9.18 x 10
7 7.13 x 10 9  
5/8/85 5/9/85 
0920 22.66 3.91 x 10
6 8.86 x 10
7 
7.21 x 10 9 
 
1040 
GEORGIA INSTITUTE OF TECHNOLOGY 
NILiciear Research Center 
900 Atlantic Drive, N.W. 
Atlanta, Georgia 30332 
(404) 894-3608 
GAMMA IRRADIATION LOG 
Client: Savannah River Laboratory 	NRC Reference: 
	451024 
Reference: AX-0654697 	 Total Dose: 	1.0 x 10
10 
Item:  Zeolite Samples I 'ose Rate:  Unspecified 







Dose - Rads 
5/9/85 5/15/85 
1_25 0735 140.16 3.90 x 10
6 5.46 x 10 8  7.75 x 10
9 
5/15/85 5/16/85 
1100 1130 24.50 3.90 x 10
6 9.55 x 10 7 
 7.84 x 10 9 
5/16/85 5/18/85 
1445 0845 42.00 3.90 x 10 6 1.63 x 10 8 8.00 x 10
9 
5/18/85 5/20/85 
0925 0825 47.00 3.90 x 10
6 1.83 x 10
8 8.18 x 10
9 
5/21/85 5/22/85 
0915 17.66 3.90 x 10 6 6.88 x 10 7 8.24 x 10 9 1535 
5/22/85 5/23/85 
11 L5 0922 22.11 3.90 x 10
6 8.62 x 10
7 8.32 x 10
9 
5/23/85 5/28/85 
1510 0920 114.16 3.90 x 10
6 4.45 x 10 8 8.76 x 10 9 
5/28/85 5/31/85 
1120 1350 74.5 3.90 x 10
6 2.90 x 10 8 9.05 x 10
9 
451024 Y NRC Reference: 
Reference: AX-0654-697 
Item: Zeolite Samples Dose Rate: 	Unspecified 	  









Dose - Rads 
5/31/85 6/5/85 
1545 0957 114.2 3.90 x 10 6 4.45 x 10
8 
9.49 x 1 0 y  
6/5/85 6/7/85 
1110 0810 45.0 3.90 x 10
6 
1.75 x 10 8 9.66 x 10
9 
6/7/85 6/7/85 
0835 1541 7.1 3.90 x 10
6 
2.76 x 10 7 9.68 x 10
9 
6/7/85 6/10/85 
1553 0753 64.0 3.90 x 10
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ABSTRACT 
A research project entitled "Characterization of Changes in 
Adsorbent Properties under High Radiation Doses," was undertaken 
by the Neely Nuclear Research Center, Georgia Institute of 
Technology, for the Savannah River Laboratory in June 1984 for 
about one year. The characterization consisted of measuring the 
following physical properties, as a function of dose, in silver 
and hydrogen zeolite: crystallinity, adsorption capacity, 
density, hardness, crushness, and possible chemical changes. 
Although there were large deviations in the measurements, 
attributed to tks poor quality of the mordenitc, no l edverse 
effects due to Co radiation doses of un to 1 x 10 rads 
were found. 
I. INTRODUCTION 
A research project entitled "Characterization of Changes in 
Adsorbent Properties under High Radiation Doses," was undertaken 
by the Neely Nuclear Research Center, Georgia Institute of 
Technology, for the Savannah River Laboratory in June 1984 for 
one year. The characterization consisted of measuring physical 
changes in silver and hydrogen zeolite as a function of dose from 
Co " radiation. 	Silver and hydrogen zeolites are molecular 
sieves which adsorb noble gases such as xenon and krypton. One 
possible application for these zeolites is 	containing and 
isolating radioactive xenon and krypton from the environment. 	In 
nuclear power plante radioactive xenon and krypton are produced 
continuously. Under normal operating conditions these gases are 
kept within the sea ' ed tubes holding the fuel and thus are 
isolated from the environment. Under accident condition however, 
the raeioective gases may escape and if the flow of air within 
the containment building, which houses the reactor, were 
channeled through columns containing silver or hydrogen zeolite, 
the radioactive xenon and krypton gas would be held back and 
prevented from entering tne environment. After all or most of 
the noble radioactive gases are retained in the zeolite, the 
column could then be valved off at both ends to bring about 
isolation from the environment. 
Since the silver or hydrogen zeolite in tne column would be 
in an intense radiation field originating from the decay of xenon 
and krypton, Savannah River Laboratory contracted with Georgia 
Tech to study the erfects of high radiation doses on the physical 
properties of the zeolite. The physical properties which were 
measured as a function of dose were cr ystallinity, adsorption 
capacity, density, hardness, crushness, and possible chemical 
changes. 
In this final report, the results of the year long study, 
which have been reported in monthly reports, are collected, 
analyzed and discussed. 
II. S1)1,11 HOLDERS AND EXPERIMENTAL CONDITION 
Table I lists all sample holders, their numbers, content, an 
total dose exposure in rads. A total of 48 holders were mele. 
Sixteen holders were control samples and 32 (16 silver ant: 
hydrogen 9 zeolite) 	jfere irradiated I R batches of fours to 10 , 
1 x 10 , 5 x 10 - , and 1 x 10 rads. The first four 
control sample holders were designed to measure what happens to 
the air inside the stainless sl.sel tubes which contained no 
zeolite but exposed to 1 x 10 rads in one case and not 
exposed at all in the other. The next four control samples were 
used to monitor temperature and pressure on a daily basis for the 
entire exposure period. (There were no changes in the 








TABLE 1. 	SAMPLE HOLDERS AND EXPERIMENTAL CONDITIONS 
TOTAL 
DOSE 
RADS 	 EXPERIMENTAL CONDITIONS 
Control 37 1 
1 
1 x 10 0-  No Zeolite in sample holder, Dry air (1001 PPM 0 3 ; 923 PPM NO 2 ) 
*k 
Control 39 1 Not irradiated No Zeolite in sample holder, Dry air (1001 PPM 0 3 ; 923 PPM NO 2 ) 
Control 38 1 1 x 10
10 
No Zeolite in sample holder, Saturated air (1001 PPM 0 3 ; 	1026 PPM NO 2 ) 
** 
Control 40 Not irradiated No Zeolite in sample holder, Saturated air (1001 PPM 0 3 ; 1026 PPM NO 2 ) 
Control 1 (gauged) 1 10
10 
Silver Zeolite in sample holder, Dry air (1001 PPM 0 3 ; 	923 PPM NO 2 ) 
Control 3 (gauged) 1 10
10 
Hydrogen Zeolite in sample holder, Dry air (1001 PPM 0 3 ; 923 PPM NO 2 ) 
Control 2 (gauged) 1 10
10 
Silver Zeolite in sample holder, Sat. air (1001 PPM 0 3 ; 1026 PPM NO2 ) 
10 
Control 4 (gauged) 1 0 Hydrogen Zeolite in sample holder, Sat. air (1001 PPM 0 3 ; 1026 PPM NO 2 ) 
* 
Samples 47 	48 2 Not irradiated Hydrogen Zeolite in sample holder, Sat. air (1001 PPM 0 3 ; 1026 PPM NO 2 ) 
* 
Samples 45 	46 2 Not irradiated Hydrogen Zeolite in sample holder, Dry air (1001 PPM 0 3 ; 923 PPM NO 2 ) 
* 
Samples 41 	42 2 Not irradiated Silver Zeolite in sample holder, Dry air (1001 PPM 0 3 ; 923 PPM NO 2 ) 
Samples 43 	44 2 Not irradiated Silver Zeolite in sample holder, Sat. air (1001 PPM 0 3 ; 1026 PPM NO 2 ) 
Samples 7 	8 2 1 x 10
8 
Silver Zeolite in sample holder, Sat. air 	(1001 PPM 0 3 ; 1026 PPM NO 2 ) 
Samples 5 	6 2 1 x 10
8 
Silver Zeolite in sample holder, Dry air (1001 PPM 0 3 ; 923 PPM NO 2 ) 
Samples 11 	12 2 1 x 10
8 
Hydrogen Zeolite in sample holder, Sat. air (1001 PPM 0 3 ; 1026 PPM NO 2 ) 
Samples 9 	10 2 4 1 x 10
8 
Hydrogen Zeolite in sample holder, Dry air (1001 PPM 0 3 ; 923 PPM NO 2 ) 
Samples 19 	20 2 1 x 10
9 
Hydrogen Zeolite in sample holder, Sat, air (1001 PPM 0 3 ; 1026 PPM NO 2 ) 
Samples 17 	18 2 1 x 10
9 Hydrogen Zeolite in sample holder, Dry air (1001 PPM 0 3 ; 923 PPM NO 2 ) 
Samples 15 	16 2 1 x 10
9 Silver Zeolite in sample holder, Sat. 	air 	(1001 PPM 0 3 ; .	1026 PPM NO
2
) 
Samples 13 	14 2 1 X 10
9 
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1 x 10 
10 
1 x 10 
10 
1 x 10 
TABLE I CONTINUED 
Silver Zeolite in sample holder, Sat. air (1001 PPM 0 3 ; 1026 PPM NO 2 ) 
Silver Zeolite in sample holder, Dry air (1001 PPM 0 3 ; 923 PPM NO 2 ) 
Hydrogen Zeolite in sample holder, Sat. air (1001 PPM 0 3 ; 	1026 PPM NO2 )' 
 Hydrogen Zeolite in sample holder, Dry air (1001 PPM 03 ; 923 PPM NO 2 ) 
Hydrogen Zeolite in sample holder, Sat. air (1001 PPM 0 3 ; 	1026 PPM NO 2 ) 
Hydrogen Zeolite in sample holder, Dry air (1001 PPM 0,; 923 PPM NO 2 ) 
Silver Zeolite in sample holder, Sat. air (1001 PPM 0 3 ; 1026 PPM NO 2 ) 
Silver Zeolite in sample holder, Dry air (1001 PPM 0
3
; 923 PPM NO 2 ) 
Each sample holder consisted of one stainless steel valve (SSH4), 10 in. of 1/4" ss tube, and 1/2" swageloc 
ss-400-c end plug. 
Analyzed at the same time as irradiated samples 
4 
The next eight control samples were designed to measure what 
happens to the zeolite which is not irradiated but which is kept 
under the same conditions as the irradiated samples (i.e., under 
the same atmospheric conditions and in stainless steel tubes 
sealed and isolated from the environment. Two of the eight 
control samples were analyzed at the same time as each irradiated 
batch at each appropriate dose. 
The initial gas composition in the dry sample holders came 
from a 10-liter glass container filled to 8.5 psig pressure 
containing 1001 ppm ozone and 923 ppm NO. ) ; the balance was dry 
air. The initial ,ras composition in the saturated sample holders 
came from another 10-liter glass container also filled to 8.5 
psig pressure containing 1001 ppm 0 3 and 1026 ppm NO ? , • the 
balance was moisture saturated air. The glass containers were 
taped with black insulating tape to minimize interaction of NO 
with light and to prevent shattering of the glass, in case o f 
accident, since the container was pressurized to 8.5 psig. 
Despite these efforts, Dr. Douglas Davis stated that the gas 
mixture forms an extremely active chemical system. The mixture 
is affected by light, temperature and surt.ce conditions. The 
following reactions take place: 
NO 2 



















N 2 0 5 + 	 2E11\10 3 
NO2 + H 2 0.------> HNO 3 
Reproducibility in systems containin:• these gases would be highly 
dependent on surface conditions when and if the light and 
temperature variables are carefully controlled. Dr. Davis 
believes controlling surface conditions is extremely difficult, 
Consequently, large fluctuation in the NO an, NO 2 content of 
the gases in the sample holders was expected. Dr. Davis 
suggested that a useful index of what is happening to the gases 
in the tubes might be the sum of NO and NO rather than the 
individual fractions of NO or NO
2
. This index is used to 
reanalyze the data in an attempt to correlate the results. 
	
The initial gas composition, 	as prepared in the glass 
containers by mixing nominally 1000 ppm NO 2 and 1000 ppm 0 3 






Dry gas , PPE * , 	 3000 121 500 
Saturated gas , PPS 	198 	171 700 
The uncertainty in the ppm's of NO, NO 	and 0 is 	15%. The 
results of the initial gas analysis indicaie that 3 the presence of 
moisture appears to substantia11 ,1 afrect the NO content. This 
fact cannoc be explained by Dr. Davis' enumeration of the types 
of chemical reactions that take place. 
III. CRUSHING TESTS 
Tests designed to measure the crushing strength of objects 
are performed by placing the right cylindrical pellet of zeolite 
between two flat plates and the load is increased until the 
pellet is crushed. In these measurements it is necessary that a 
pellet has a smooth and even surface so that a line contact 
between pellet and flat plates is established. If the pellet 
surface is not smooth and not even, a point contact is 
established and the load needed to start the crushing process 
would be different from the case when a line contact exists. 
The quality of the surfaces of the pellets is then a variable 
that contributes to the spread in the crushing loads. 
At first, ASTA standard D-4179-82 was chosen as the method of 
choice for measuring the crushing load for silver and nydrogen 
zeolite. Thisstandardr.. reduired, among other things, that 
samples be heated to 401 15 C for not less than three hours. 
Initial measurement of the crushing loads on fifty pellets of 
each type of zeolite, conducted in accordance with the standard, 
showed very large deviations in the results. Table II shows the 
results. It was suspected that the heating and drying process 
was somehow making the pellets weak and contributing to the large 
variability in the crushing load. Consequently, anotoer sakIple 
of fifty pellets oL each type Was used without being her, ted, to 
measure the crushing strength. The results are given in Table 
III. It is seen that heating end drying effects only silver 
zeolite making it weaker. as a result of this comparison, it was 
decided to forego the heating and dryinn step in the ASae 
D-4179-82 standard for all subsequent analyses. 
Gas mixture content based on partial pressure makeup of 
standard dry air from Matheson and 923 ppm NO,, and 1001 ppm 
0
3 
Gas mixture content based on partial pressure makeup of 
standard air from Matheson that was saturated with H 2 O 
1026 ppm NO and 1001 ppm 0 1 . 
6 
TABLE 	ZEOLITE CRUSHING LOADS (kgf) 
Hydrogen Zeolite 
(Heated and Dried) 
Silver Zeolite 
5.36 8.86 5.81 1.57 
3.03 12.36 1.60 0.70 
7.02 2.62 0.92 0.75 
5.95 4.47 5.34 0.69 
3.05 3.22 0.51 5.72 
4.08 6.50 2.00 6.43 
5.08 2.78 4.83 6.50 
1.98 2.30 0.59 1.85 
10.28 9.93 0.18 1.14 
5.63 2.89 2.91 8.25 
5.83 17.04 0.20 9.57 
4.75 13.50 2.18 3.90 
6.00 3.63 0.94 0.99 
3.49 5.60 2.99 4.71 
7.14 5.61 0.80 6.86 
2.84 2.74 5.60 0.50 
2.70 11.84 0.62 0.20 
6.81 5.21 2.21 1.58 
9.39 5.60 0.19 1 . .71 
2.48 7.36 3.52 1.00 
1.86 8.79 2.18 2.36 
7.44 9.41 17.14 1.37 
5.64 6.80 0.59 0.96 
8.59 2.04 10.44 2.14 
4.18 5.97 0.43 1.58 
x 	5.953 	 2.955 
	
3.285 	 3.289 
80% Spread 1.748 - 10.158 	 0.0 - 7.165 
95% Reliability 5.042 - 6.864 	 2.043 - 3.867 
Comparison of these crushing strengths using a two tailed t-test indicates 
that there is a highly significant difference in their crushing strengths. 
The samples tested were between 0.23 and 0.52 inches in length. There 
was not a significant correlation between length and crushing load. Tests 
were carried out according to ASTM D 4179. The applied rate of force was 
increased at 4.5 lbf/sec. 
7 
Hydrogen Zeolite 
TABLE III. 	ZEOLITE CRUSHING LOADS (kgf) 
(Undried and Unheated) 
Silver Zeolite 
4.47 8.C2 4.90 2.25 
5.26 2.17 6.06 17.62 
2.83 2.78 5.30 10.76 
5.20 4.24 5.13 1.65 
7.17 2.59 8.00 2.30 
2.33 4.15 5.97 5.89 
4.62 2.60 14.89 9.12 
9.72 4.79 4.8 .1 1.66 
5.68 5.41 4.02 4.32 
8.60 1.97 0.52 4.50 
3.36 3.55 3.53 2.41 
8.01 2.44 1.20 0.62 
4.95 5.51 .71 0.90 
4.63 5.04 6.41 2.84 
7.96 1.49 2.20 0.83 
6.26 2.27 .94 12.36 
8.84 1.75 2.84 11.64 
5.20 5.52 3.53 10.04 
8.46 2.52 4.63 4.87 
6.08 3.72 6.94 0.71 
2.25 9.77 2.51 1.72 
6.87 8.93 2.63 1.60 
8.84 4.88 12.52 1.01 
3,90 2.57 2.11 1.31 
3.22 2.94 8.52 0.53 
x 	4.943 	 4.726 
s 	2.384 	 4.040 
80% Spread 1.891 - 7.994 	 0.0 - 9.897 
95% Reliability 4.282 - 5.604 	 3.606 - 5.846 
Comparison of these crushing strengths and those of the dried samples using 
a two tailed t-test indicates that the only significant difference was between 
the dried and undried silver zeolite samples. The samples tested were 
between approximaely 0.25 and 0.50 inches in length. These tests were 
carried out according to ASTM D 4179 except the samples were not dried. 
The applied rate of force was increased at 4.5 lbf/sec. 
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IV. HARDNESS TESTS 
Tests designed to measure the load needed to penetrate the 
pellet surface at a point are known as hardness tests. The 
apparatus used is a diamond pyramid indenter which presses on the 
pellet at a point rather than at a line as in the case of the 
crushing tests. The purpose of this test is that if the packing 
in a column is such that contacts among pellets occur at points, 
rather than lines, then it is useful to know what loads are 
needed to affect penetration. 
The hardness tests were perfoi:med using a Tukon Tester 
manufactured by Wilson mechanical Instrument Division of the 
American Chain and Cable Company. Before measuring each zeolite 
pellet's Knoop Hardness Number, 2 defined as a unitless quantity 
relating the load in kgf per length of indentation, the bottom 
of the pellet was flattened on 189 grit SiC sandpaper and the top 
was ground lightly on 600 grit SiC. Typical hardness results for 
initial unirradiated pellets are given in Table IV. 
V. DENSITY MEASUREMENTS 
Pellets were broken into small pieces approximately 1/4" 
long. 	Batches about two grams of each zeolite were dried at 
Te for four hours and then cooled in a desicator. 	After 
cooieg, each batch was weighed to the nearest 0.0001 gram. The 
bate! was then soaked in kerosene for 24 hours. This procedure 
allows the kerosene to penetrate all the pores in the zeolite. 
The weight of the batch suspended in kerosine is then determined 
to the nearest 0.0001 gram. The density of the zeolite batch is 
obtained as follows: 
Volume of Batch 	Weight in air - weight surrounded in keroeine 
density of kerosine 
Density of Batch 	Weight in  Air 
17: 
Triplicete determinations were made on each sampl -e of zeolite. 
Table V lists the initial densities of the fresh zeolite. 
Table V. Density measutement of Fresh 
Hydrogen and Silver Zeolite 







Volume of Batch 
Average = 1.8549 	 Average = 2.3252 
TABLE IV. 
Hydrogen 
MICROHARDNESS (KNOOP HARDNESS NUMBER) 
Silver 
n2. 89.8 74.1 	 , 22.7 
53.5 143.8 52.1 21.9 
95.3 91.0 58.8 19.5 
106. 63.3 89.0 28.1 
57. 9 86.0 12.4 20.6 
73.3 78.1 17.3 14.4 
135.0 80.2 61.8 31.3 
194. 127.0 42.5 24.1 
102.9 110.8 32.7 65.2 
2:5. 93.6 42.5 29.2 
x = 105.5 x = 38.0 
S = 	44.7 S = 21.9 
*
These tests were done on a Tukon Tester manufactured by Wilson Mechanical 
instrument Division of American Chain and Ca117.e Company using a 175 gram 
load. The bottom of the samples were flattened on 180 grit SiC paper 
so they were stable on the testing stage. The tops of the samples were 
very lightly ground. on 600 grit SiC paper before the hardness measurements 
were made. 
3_0 
VI. ADSORPTION MEASUREMENTS AND X-RAY 
DIFFRACTION CALIBRATION 
The adsorption measurements were carried 	out using the 
McBain-Baker yravimetric system which employs a spiral quartz 
spring on which a sample is suspended in a pan. The  extension of 
this spring is a direct measurement of the weight of the adsorbed 
gas. These springs were periodically calibrated With standard 
weights. 
Oxygen adsorption in the 	resh hydrogen and silver zeolite 
was measured at 75 torr and -196 C. The results were: 
[3-zeolite (grams of oxygen adsorbed per  100 grams 
of zeolite) = 22.7 
Silver-zeolite (grams of oxygen adsorbed per 100 
grams of zeolite) = 9.2 
Standard H-zeolite = 22.6 
The X-ray diffraction oquip:ient was calibrated daily with an 
internal standard. Dif:raction patterns of two, fresh H- and 
Ag-zeolite samples were obtained and compared to a hydrogen 
zeolite steldar:. with 100% crystallinity. The results were: 
r'--zeolite crystallinity = 79.0% 
Ay-zEolite crystallinity = 16.0% 
The X-ra7 pattern of the Ay-zeolite had several unidentified 
peaks. 
VII. QUALITY OF ZEOLITE AS RECEIVED FROM SRL 
Dr. Tudor Thomas, a recognized expert in zeolite, has stated 
that the zeolite which SRL supplied Georgia Tech with was 
produced from sodiun mordenite pellets, which were obtained by 
mixing sodium mordenite with 20% clay and extruding. The sodium 
atoms in the sodium moidenite pellets were then exchanged with 
either hydrogen and silver zeolite respectively. This procedure, 
according to Thomas, often results in an incomplete exchange of 
sodium for either hydrogen or silver atoms. Consequently, the 
quality at the zeolite in general and of silver zeolite in 
particular left a lot to be desired. Dr. Thomas supports his 
observation by the fact that when pellets of either hydrogen or 
silver zeolite are broken, cores of various sizes in the center 
of pellets are seen. 	The variation in the size of cores is 
attributed to non-uniform exchange. 	The presence of tie core 
indicates an incomplete exchange. 
The non-uniform makeup of the zeolite is thought to cause the 
large variation in crushing strength, hardness, and surface 
conditions. 
1 1 
Dr. 	Thomas 	recommends that the mixing wits; clay and 
pelletizing by extrusion should be done after all the sodium 
atoms have been replaced completely with either hydrogen or 
silver in the powder form. 
VIII. RESULTS AND CONCLUSIONS 
Table VI summarizes all the results. Average values of two 
or more samples are quoted. The original sample numbers quoted 
in Table I and reported in monthly reports appear in parentheses 
in the left-most column. Some observations follow: 
• The NO and NO content of sample holders 39 and 40 
(i.e., empty tub 	[no zeolite] with gas only) with no 
exposure to Co radiations was higher than the content 
of all the other sample holders which contained zeolite. 
This indicated that either a chemical reaction or 
adsorption by zeolite was responsible for the depletion of 
NO and NO 2
. 
• The exposure of sample holders 37 and 38 to 1 x 10
10 
rads with again only dry and saturated gas left the 
highest 	concentration 	of NO and NO, 	in the tubes 
(193,000 ppb for dry gas and 135,000 ppb for saturated 
gas, see Table VI). 	This indicated that the radiation 
field affected the quality of the gas in the empty tubes 
without zeolite and that moisture depletes the NO and 
NO 2 
content somewhat. 
• No correlation is apparent between NO and NO content in 
zeolite filled tubes on one hand and exposurg dose on the 
other. The variation in the data is large. This is also 
true for dry and saturated gas. 	The cause of the 
variation in the data may be due to the poor quality of 
the zeolite. 
• There appears to be an increase in tne density of the 
zeolite which was placed in sample holders. The increase 
is not related to exposure dose. The initial density of 
the fresh hydrogen zeolite was 1 3855 g/cm 	and of fresh 
silver zeolte was 2.325 g/cm . The range of densities 
for hydrogen zeolite, as tabulated in Table VI, is 1.890 -
2.007 g/cm . 	Similarly, the sange of densities for 
silver zeolite is 2.340 - 2.444/cm 
• There may also be a slight increase in crusting strength 
and hardness in silver zeolite and to a leL:ser degree in 
hydrogen zeolite which cannot be correlated with exposure 
dose. The minimum and maximum values of crushing load in 
Table VI for hydrogen- and silver-zeolite are 5.9-9.4 and 
7.1-12.3 kgf respectively. 	The initial average crushing 
load for fresh hydrogen zeolite was 4.94 kgf with minimum 
and maximum values of 1.97 and 9.77 kgf. For 
12 
silver zeolite the average value was 4.73 with minimum and 
maximum values of 0.53 and 14.89 kyf. Again the large 
variation in data makes it difficult to draw firm 
conclusions. Similar trends are observed in the hardness 
data. 
• The percent crystallinity was reasonably consistent with 
hydrogen zeolite having a range of 70-84% and silver 
zeolite having a range of 15-19%. The exposure dose did 
not seem to affect crystallinity. 
• The adsorption capacity was also consistent with hydrogen 
zeolite having a range of 21.9-25.2% and silver zeolite 
having a range c'L 8.1-13.8%. Again, exposure dose did not 




TABLE VT SUMMARY OF ALL usuLTs 
DENSITY 
GAS ANALYSTS 
NO 	 NO + NO 2 PPR) 	
Density (gicm 3 ) 





CRYSTAIIINITy. X. 	ADSORPTION  
DOSE = 1, x 10
71 0
Rads 	  
	
19.3 	 13.8 
19.3 12.8 
79.3 	 25.2 
84.5 23.6 
DOSE 1.0 x 10
I0 
Rads DOSE - 1 x 10
10 
Rads POSE - 1 x 10 I0 Rads DOSE - 1 x 1010 Rads 




Dry Ag Zeolite 	(1,29,30) 
Sat. 	Ag Zeolite 	(2,31,32) 
Dry 11 Zeolite 	(3,33,34) 
Sat. 	H Zeolite 	(4,35,36) 
Dry Gas Only (37) 























10.6 1 7.5 
12.3 ± 6.7 
9.4 ±5.3 
9.2 ± 2.9 
CONTROL SAMPLES DOSE = 0.0 DOSE - 0.0 DOSE = 0.0 _ DOSE = 0.0 DOSE 	0.0 
Dry Gas Only (39) 
Sat. Gas Only (40) 
Dry Ag Zeolite (42) 
















DOGE - 5 x 10 9- Rads 
8.2 ± 2.3 
10.4 1: 6.1 
DOSE = 5 x 10 9 Rads 
9.5 ± 3.7 
10.3 	- 	5.1 
9.2 ± 1.6 
9.2 ± 3.6 
50.0 ±33.5 





DOSE = 5 x 10 9 Rads 
40.6 * 8.1 
39.9 -14.3 
103.1 122.5 
-1-25 , 6 75.9 










Dry Ag Zeolite 	(21,22) 
Sat. Ag Zeolite 	(23,24) 
Dry H Zeolite (25,26) 

















CONTROL SAMPLES (Dose = 0.0) DOSE = 0.0 DOSE - 0.0 
---772 1 2.1 
11.4 ± 4.6 
113.0 131.6 
95.9 - 	9.3 
DOSE = 0.0 DOSE = 0.0 
Dry H Zeolite (46) 











DOSE = 1 x 109 
23.2 
26.2  
DOSE = 1 x 10 DOSE = 1 x 10Y Rads) ---- DOSE:7 1 x 10 9 Rads DOSE - 1 x 109 
Dry Ag Zeolite (13,14) 
Sat. Ag Zeolite (15,16) 
Dry H Zeolite (17,18) 

















11.0 ± 3.4 
10.5 I 3.8 
9.9 	- 	4.6 
+ 8.3 - 2.8 
38.6 	. 10.8 
40.1 -11.3 
124.5 -68.0 









CONTROL SAMPLES (Dose = 0.0) DOSE = 0.0 DOSE = 0.0 DOSE = 0.0 DOSE DOSE = 0.0 
Dry H Zeolite (45) 







5.9 ± 2.6 
+ 10.1 - 3.1 
110.9 124.1 + 
143.7 	-47.1  
DOSE = 1 x 10 6 Rads  
41.9 -14.2 
+ 
40.4 - 7.3 
100.1 -18.6 
74.1 1:23.0 












DOSE 6 1 x 108 Rads DOSE = 1 x le Rads) 	DOSE = 1 x 108 Rads  
2.444 	 7.9 I 4.8 
2.437 7.1 	1- 3.8 
2.007 	 6.2 t 2.3 
+ 1.974 6.2 - 2.4 
Dry Ag Zeolite (5,6) 
Sat. Ag Zeolite (7,8) 
Dry H Zeolite (10) 




















DOSE = 0.0 
2.443 
2.436 
DOSE = 0.0 
9.9 ± 2.4 
5.9 ,-. 3.2 
43.9 - 4.4 
47.5 - 6.2 
DOSE -= 0.0 
16.0 
15.0 
DOSE = 0.0 
10.8 
12.3 
Dry Ag Zeolite (41) 
Sat. 	Ag Zeolite 	(43) 
